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PREFACE 

The  object  in  writing  the  following  pages  has 
been  to  present  the  reader  with  a  thoroughly- 
practical  account  of  the  simplest  and  most  accurate 
methods  of  recovering  the  gold,  silver,  and  platinum 
from  the  sundry  waste  liquid  residues  of  goldsmiths, 
silversmiths,  and  other  workers  in  the  precious 
metal  trades,  and  thereby  provide  a  long  felt  want 
for  the  direct  guidance  of  practical  men  engaged 
in  the  different  kinds  of  manufacturing  establish- 
ments wherein  the  precious  metals  are  employed. 

The  text-books,  as  yet  published,  barely  touch 
this  subject,  for,  speaking  generally,  they  only  treat 
the  matter  from  a  hypothetical  standpoint,  and  such 
information  is  altogether  insufficient  for  service 
in  the  large  precious  metal  manufactories  wherein 
the  manipulatory  art  of  ornamental  construction  is 
taught  and  practised. 

This  book  is  written  by  a  practical  man,  for 
practical  men  employed  in  the  different  branches  of 
the  precious  metal  industries  of  the  nation,  and  the 
author  has  given  full  detailed  descriptions  of  the 
processes  and  formulas,  with  illustrations  of  the 
apparatus  to  be  severally  employed  in  extracting 
the  waste  metals  from  all  kinds  of  liquids,  so  as  to 
make  the  book  of  special  value  to  all  concerned  in 
the  manufacture  of  jewellery  and  other  kindred 
wares. 

The  author  has  had  a  large  workshop  training 
and  practice,  likewise  an  extensive  commercial  ex- 
perience in  the  treatment  of  waste  jewellery  products, 
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and  has  devised  apparatus  and  methods  hitherto 
unknown  in  manufacturing  establishments,  which 
are  easy-  of  execution  and  certain  in  their  action ; 
they  are  useful  alike  to  the  small  as  well  as  to  the 
large  manufacturer,  and  do  not  necessitate  the 
employment  of  expensive  chemicals  or  elaborate 
machinery  to  effect  good  results.  He  has  treated 
the  subject  systematically,  by  proceeding  in  regular 
order  with  the  different  classes  of  wastes,  so  as  to 
make  the  work  available  for  all  trades  in  which  the 
precious  metals  are  employed.  This  of  necessity 
causes  a  certain  amount  of  repetition,  but  for  the 
sake  of  clearness  it  could  not  well  be  avoided. 

A  noted  feature  of  the  work  is  its  simplicity  of 
language,  all  technical  terms  and  phrases,  when 
made  use  of,  being  explained,  so  that  the  least  in- 
formed operative  may  be  able  to  comprehend  the 
meaning  and  carry  out  the  different  operations  to 
a  most  successful  conclusion,  and  with  a  full 
appreciation  of  the  possible  results. 

It  now  only  remains  to  be  stated  that  all  the 
processes  have  been  dealt  with  from  an  entirely 
practical  point  of  view  commercially,  including  such 
methods  as  the  writer  has  found  to  give  the  best 
results  in  his  own  workshop,  and  it  is  hoped  the 
numerous  questions  which  for  some  years  have  been 
addressed  to  him  regarding  the  difficulties  that 
repeatedly  arise  in  manufacturing  establishments, 
will  have  their  remedies  provided  for  in  these  pages 
in  a  thoroughly  sound  and  satisfactory  manner. 
This  is  the  only  practical  treatise  on  the  subject. 

GEORGE  E.  GEE. 

Standard  Woeks, 

68  Tenby  Street  North,  Birmingham, 

1920. 
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CHAPTER  I 

INTRODUCTION 

The  quantity  of  soluble  gold,  silver,  and  platinum 
that  exists  in  some  of  the  waste  liquids  resulting 
from  the  manufacture  of  jewellery,  silver  plate,  and 
personal  ornament  is  considerable,  and  as  these 
metals  are  of  high  value,  it  is  of  paramount  import- 
ance that  all  operations  in  which  they  are  used  in 
the  industrial  arts  should  be  conducted  with  great 
care,  as  regards  unnecessary  wastage  resulting  from 
the  different  modes  of  treatment,  and  that  all  the 
waste  products  be  strictly  preserved  and  correctly 
treated  at  intervals  for  the  extraction  of  the 
precious  metals. 

The  recovery  of  the  precious  metals  from  gold- 
smiths', jewellers',  and  silversmiths'  waste  liquid 
substances,  such  as  the  exhausted  colouring  liquids 
and  their  rinsing  waters ;  the  exhausted  electro- 
gilding  and  electro-silver  plating  solutions  and  their 
rinsing  waters ;  the  stripping  and  dipping  mixtures 
of  different  kinds ;  the  pickling  solutions ;  the 
waters    used   for   washing   out    the    polished  and 


2       Precious  Metals  from  Waste  Liquid  Residues 

finished  work  ;  the  wash-hands  water  ;  and  all  other 
fluids  likely  to  contain  traces  of  either  gold,  silver, 
or  platinum  is  of  momentous  consequence  to  manu- 
facturing firms  employed  in  the  making  of  gold  and 
silver  wares,  as  regards  their  ultimate  financial 
success.  It  is  also  an  important  matter  to  those 
engaged  in  chemical  operations  in  which  the  precious 
metals  are  concerned. 

To  know  how  to  extract  the  gold,  silver,  and  plati- 
num to  the  best  advantage,  in  the  simplest  possible 
way,  from  all  the  solutions  and  mixtures  above  named 
will  prove  of  benefit  to  many,  and  by  undertaking 
to  make  known  the  results  of  a  series  of  experiments 
and  researches  the  author  has  made  in  relation  to 
the  subject  during  his  more  than  50  years'  experience 
in  the  goldsmithing  and  silversmithing  trades,  will, 
no  doubt,  be  rendering  a  further  service  of  some 
commercial  value  to  the  gold  and  silver  working 
industries  generally. 

The  recovery  of  silver  from  the  hyposulphite  and 
toning  solutions,  and  the  swilling  waters  of  photo- 
graphers, as  well  as  the  liquid  residues  of  glass- 
mirror  manufacturers,  will  receive  attention,  and 
the  best  methods  pointed  out  for  the  extraction 
therefrom  of  the  precious  metal,  there  being  little 
or  nothing  satisfactory  in  the  text-books  for  the 
guidance  of  the  beginner,  and  the  more  practical 
craftsman  may  not  even  be  conversant  with  the 
most  simple  and  successful  processes.  I  hope,  there- 
fore, to  impart  some  new  and  additional  information, 
which  will  be  of  assistance  to  workers  employed  in 
the  multifarious  branches  of  the  precious  metal 
trades,  and  if  by  any  means  the  loss  occurring  in 
waste   liquids  can  be  reduced  down  to  the  lowest 
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possible  quantity,  it  will  be  a  distinct  gain  to  science 
as  well  as  to  commerce. 

The  chemical  classes  in  the  technical  schools  are 
rendering  an  invaluable  service  to  those  of  the  rising 
generation  who  attend  them,  but  they  cannot  give 
all  that  is  needed,  for  to  experiment  with  clean 
liquids  is  a  very  different  thing  to  the  treatment 
required  for  those  contaminated  with  considerable 
mineral  and  organic  matter,  such  as  results  from 
manufacturing  processes  in  large  establishments. 
This  is  a  subject  on  which  I  have  spent  a  great 
amount  of  time  in  labour  and  correspondence,  and 
by  laying  bare  some  of  the  economies  effected,  it 
may  be  the  means  of  others,  more  able  than  myself, 
of  improving  the  system,  and  of  still  further  reduc- 
ing the  working  losses  in  those  liquids  to  the 
minimum.  In  the  old  time,  scant  attention  was 
paid  to  the  recovery  of  gold  or  silver  from  spent 
liquids.  In  some  cases  with  which  I  am  acquainted 
there  was  only  one  tub  used,  as  a  final  receptacle, 
for  all  spent  solutions  and  swil lings,  which,  after 
running  through  a  piece  of  coarse  bagging,  were 
allowed  to  flow  directly  into  the  drain.  Now  this 
is  all  altered,  but  there  is  still  room  for  improve- 
ment, for  with  such  keen  competition  at  the  present 
time,  and  the  lowering  of  prices,  more  economical 
methods  have  to  be  adopted  for  the  recovery  of  the 
gold  and  silver  therein  contained.  I  will  commence 
my  narrative  with  instructions  for  treating  colour 
waste. 


CHAPTER  11 

RECOVERING   GOLD   FROM   COLOUR    WASTE 

Nearly  every  master  goldsmith  and  jeweller  has 
more  or  less  waste  of  this  nature  to  deal  with,  and 
where  there  is  a  large  amount  of  coloured  gold  work 
made  and  the  colouring  chemically  performed,  the 
loss  of  gold  is  considerable.  The  reduction  in 
weight  of  a  batch  of  work  may  be  estimated  at  any- 
thing between  2j  per  cent,  to  5  per  cent,  of  the 
gross  weight,  that  is  to  say,  a  loss  of  from  12  grs. 
to  24  grs.  per  ounce  of  mixed  gold  and  alloy  is 
incurred  in  the  process,  and  this  in  time  becomes  a 
serious  matter,  unless  provision  for  that  loss  is  care- 
fully provided  for,  and  means  taken  from  time  to 
time  to  collect  back  the  gold.  The  best  methods  of 
recovering  the  gold  from  the  colour  waste  and  swill- 
ing waters  are  not  generally  understood.  I  have 
frequently  seen  these  liquids  thrown  away  when 
only  a  part  of  the  gold  had  been  extracted  there- 
from. In  some  of  the  largest  manufacturing  gold- 
smiths' workshops  it  is  no  unusual  thing  for  as 
much  as  50  ozs.  of  work  to  be  coloured  each  week, 
and  if  I  take  the  loss  of  fine  gold  contained  in  the 
metal  which  has  been  dissolved  from  the  articles 
and  left  in  the  colour  and  rinsing  waters,  at  three- 
fifths  of  the  total   loss  set  out  above,  taking,  of 
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course,  an  average  of  the  respective  colouring 
standards  which  are  usually  submitted  to  the 
chemical  process,  it  means  that  there  will  be  some- 
thing between  15  dwts.  and  30  dwts.  oi  fine  gold  in 
the  colouring  mixtures  and  rinsing  waters  employed 
for  every  50  ozs.  of  made-up  work.  As  gold  is  such 
a  valuable  metal,  it  will  be  apparent  that  it  must 
pay  to  bestow  a  little  extra  labour  and  attention  to 
these  liquid  residues  in  recovering  the  gold.  For 
collecting  that  loss  I  shall  give  two  processes, 
namely,  the  copperas  process  and  the  zinc  process, 
which  will  effectually  "  throw  down"  the  whole  of 
the  gold  to  the  bottom  of  the  receptacle  in  the 
metallic  state,  if  undisturbed  for  12  hours,  in  such  a 
manner  that  not  a  trace  of  gold  will  remain  in  the 
water  above  it.  Dissolved  gold,  in  acid  solutions 
which  are  clear,  is  very  easily  distinguished  by  three 
well-known  and  conclusive  tests,  namely,  ferrous 
sulphate  (FeS04  +  7H2O),  stannous  chloride  (SnCl2 
-f2H20)  and  oxalic  acid  (C2H2O4  +  2H2O),  but  in 
muddy  and  complex  mixtures  these  salts,  with  the 
exception  of  the  first  named,  are  useless  to  the 
manufacturer  in  the  treatment  of  the  liquid  wastes 
I  am  now  dealing  with,  and  nothing  further  need  be 
said  than  that  they  can  be,  and  are,  used  as  a  final 
test  for  gold,  when  the  liquids  have  been  cleared  of 
all  organic  matter  which  obscures  the  light  passing 
through,  so  as  to  enable  the  action  of  the  testing 
acid  upon  the  resultant  fluids  to  be  easily  observed. 


CHAPTER  III 


THE   COPPERAS   PROCESS 

The  copperas  process  is  as  follows :  For  the  collec- 
tion of  this  kind  of  liquid  residues,  provide  a  large 
stoneware  vessel  like  fig.  1,  into  which  all  the  used 
colour,  swilling  waters,  and  pot-rinsings  (the  colour 
pot  should  be  washed  out  each  time  after  colouring 

and  then  dried  ready 
for  use  another  time) 
should  be  emptied 
when  the  colouring  is 
finished.  Ferrous  sul- 
phate, FeS04,  which 
denotes  its  chemical 
formula,  is  really  sul- 
phate of  iron  (commonly 
called  green  vitriol  and 
green  copperas),  the 
best  precipitant  that 
can  be  used  for  colour 
waste.  It  throws  down, 
in  strongly  acid  mix- 
tures, a  black  precipitate  of  metallic  gold,  but  with 
that  is  combined  a  kind  of  muddy  sediment  which 
it  removes  from  the  murky  waters,  rendering  them 
perfectly  clear,  though  slightly  tinged  with  a  trans- 
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Fig.  1. — Earthenware  jar  for 
colour  waste. 
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parent  greenish  shade  of  colour.  This  is  the  eflFect 
of  the  copper,  which  continues  to  remain  in  a 
dissolved  state  in  the  liquid  in  the  form  of  copper 
chloride,  CuCla.  This  the  copperas  does  not 
precipitate. 

Some  manufacturers  only  preserve  the  old  colour 
liquid    in    a  separate    receptacle,    putting    all    the 
swilling  waters  into  the  general  waste  water  tub. 
Now    this    is    altogether   wrong,    for    the    reason 
which  I  will  explain.      The  colour  liquid,  treated 
by  itself  only,  would   be  much  too  dense  for  the 
copperas  salt  to  search  through  the  whole  of  that 
kind  of  liquid.     It  cannot  therefore  act  to  the  best 
advantage.     I  have  had  several  cases  of  this  kind 
submitted  to  me  for  my  advice,  in  which  as  much 
as    35    grs.    of  gold    per   gallon   still   remained  in 
solution  after  treatment  had  been  adopted  for  its 
recovery.     The  cause  of  so  large  a  quantity  of  gold 
having  been  left  in  solution  being,  that  insufficient 
copperas    had    been    employed   to   decompose    the 
strong    acid    liquid   and   liberate   the    gold    there- 
from.     The   remedy    is   simple.      All   the   rinsing 
waters  and  pot  washings  from  the  colouring  process 
contain   gold  and  should  be  added  to   the  colour 
waste  that  you  have  emptied  into  the  stoneware 
jar,  and  in  some  cases,  where  very  strong  colouring 
mixtures  are  used,  even  that  is  not  sufficient  for 
most     practical     purposes,    an     equal     volume     of 
additional  water  being  requisite  in  attaining  the 
necessary  state   of  diluteness,  for  by  this  addition 
the  best  results  are  always  accomplished.      Water 
is  very  much  more  preferable  for  dilution  than  that 
of  neutralising    the    acidity    of  the   mixture  with 
alkaline  salts,  which  not  only  thicken  the  fluid,  but 
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cause  a  greater  abundance  of  sediment  to  appear 
than  is  beneficial  in  the  recovery  of  the  gold  from 
the  product  resulting. 

The  most  simple  method  of  dealing  with  colour 
waste  is  to  put  into  the  stoneware  vessel  all  the  old 
colour,  pot  washings,  and  swilling  waters  which 
have  been  used  at  each  operation  during  the  week, 
and  on  the  Saturday  of  every  week,  after  the  last 
batch  of  work  has  been  coloured,  to  fill  up  the 
vessel  with  water  (a  vessel  suitable  to  the  extent 
of  the  business  being  done  should  be  selected). 
After  that  proceed  to  precipitate  the  gold  existing 
therein  by  means  of  a  strong  solution  of  iron 
sulphate,  which  should  be  made  of  a  strength  con- 
sistent with  the  estimated  amount  of  gold  taken 
from  the  week's  work,  all  of  which  will  (if  this 
advice  is  followed)  be  contained  in  a  dissolved 
state  in  the  liquid  in  the  stoneware  jar.  It  is  usual 
to  preserve  a  portion  of  the  old  colouring  salts  for 
colouring  odd  jobs  that  will  not 
stand  the  full  colouring  process 
without  injury.  They  are  kept 
in  a  stoneware  jar  like  fig.  2  and 
kept  covered  with  a  lid,  which 
preserves  them  in  a  good  and  clean 
condition,  ready  at  any  time  that 
they  may  be  required  to  be  made 

Fm.     2. Earthen-  j  j  j. 

ware  jar  for  old      USC    of.       In  clcaU  UCUtral   SolutioUS, 

for  1  oz.  of  gold,  2j  ozs.  of  iron 
sulphate  will  throw  down  the  gold,  but  in  the  treat- 
ment of  these  residuums  5  ozs.  at  the  least  will  be 
required  of  iron  sulphate  to  throw  down  1  oz.  of  gold, 
and  in  strong  liquids  more  than  that,  as  the  acid  has 
to  be  overpowered  before  it  will  give  up  its  gold 
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for  the  precipitation  to  be  thoroughly  effective. 
This  is  an  important  feature  in  the  whole  proceed- 
ing if  the  full  measure  of  success  is  to  be  accom- 
plished. For  the  lowest  computed  loss  herein 
named,  15  dwts.  of  gold,  dissolve  4  ozs.  of  copperas 
in  1  pint  of  boiling  water,  and  add  the  whole  of 
this  gradually  to  the  mixture  in  the  jar  with  con- 
sistent stirring.  For  a  loss  not  exceeding  8  dwts. 
greater  than  this,  dissolve  6  ozs.  of  copperas  in 
1^  pints  of  boiling  water,  and  proceed  as  before. 
For  a  loss  not  exceeding  8  dwts.  greater  than  the 
last,  or  one  of  31  dwts.  of  gold,  dissolve  8  ozs.  of 
copperas  in  1  quart  of  boiling  water,  and  so  on  in 
proportion  to  the  estimated  loss ;  gradually  pour 
the  hot  copperas  solution  into  the  colour  waste, 
stirring  the  liquid  during  the  time  you  are  pouring 
in  the  sulphate  precipitating  solution.  The  gold 
will  at  once  begin  to  fall  to  the  bottom  of  the 
vessel,  and  by  the  colour  water  resting  till  the 
morning  (or  if  added  on  the  Saturday  till  Monday) 
the  whole  of  the  gold  will  have  become  reduced  to 
the  metallic  state  and  lie  at  the  bottom  of  the 
vessel,  the  water  above  it  being  quite  transparently 
clear,  if  sufficient  copperas  has  been  used  in  the 
operation. 

The  pale  green  water  above  the  precipitated 
gold  should  not  be  thrown  directly  away,  but 
transferred  to  the  general  waste  water  filtering 
tubs  for  a  further  treatment,  although  there  should 
not  remain  a  particle  of  gold  in  it  if  the  aforesaid 
operation  has  been  perfectly  carried  out ;  but  to 
guard  against  accidents  or  imperfect  management 
of  the  process  it  will  be  better  to  always  follow  this 
rule.     The  water  above  the  precipitated  gold  is  best 


lo     Precious  Metals  from  Waste  Liquid  Residues 

drawn  off  with  a  piece  of  bent  lead  piping  having  a 
stop-cock  secured  on  the  emptying  end,  or  with  a 
rubber  tube.  The  way  to  start  the  drawing  off  of 
the  supernatant  liquid  is,  to  first  fill  the  syphon 
tube,  fig.  3,  with  water,  then  close  both  ends  in  the 
case  of  a  tube  having  no  stop-cock 
(when  one  arm  of  the  syphon  is  much 
longer  than  the  other  it  will  only  be 
necessary  to  close  the  long  end),  invert 
and  place  the  short  end  of  the  syphon 
tube  under  the  liquid,  the  other  over  an 
empty  bucket  and  liberate  the  ends, 
when  the  water  will  commence  to  run 
off.  Be  careful  and  not  disturb  the  pre- 
SyphonT  cipitatc  at  the  bottom  of  the  vessel  or 
you  will  remove  some  of  the  gold  and 
cause  the  operation  to  be  unsatisfactory.  When 
a  syphon  with  a  stop-cock  is  made  use  of,  only 
one  of  the  ends  of  the  tube  when  filled  with 
water  will  require  to  be  closed  before  putting 
it  into  the  liquid  which  is  to  be  withdrawn.  The 
advantage  in  using  a  stop-cock  is  that  the  whole  of 
the  acid  water  can  be  drawn  away  without  having 
to  refill  the  syphon  tube,  for  by  simply  turning  the 
stop  of  the  tap,  when  the  bucket  is  full,  the  water 
will  cease  to  flow  till  it  is  turned  on  again.  This  is 
a  very  simple  device  to  adopt.  It  also  shortens  the 
time  of  the  operative  engaged  in  doing  the  work. 
It  is  advisable  to  first  withdraw  by  means  of  a 
pipette,  fig.  4,  a  little  of  the  clear  green-tinted 
solution  into  a  wine  glass  or  test  tube,  fig.  5,  and 
to  add  to  it  a  few  droops  of  chloride  of  tin,  in  order 
to  ascertain  for  certain  whether  all  the  gold  has 
been  thrown  down  or  not,  and  if  this  particular  acid 
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produces  no  effect  in  any  way  whatever  upon  the 
liquid  withdrawn  from  the  jar  into  the  test  tube, 
the  supernatant  water  (this  is  the  fluid  standing 
above    the    sediment)    may   be    safely    drawn    off 
without  fear  of  any  loss  of  gold.     Chloride  of  tin 
(SnCy    is    the    most   delicate 
test    known     to     science     for 
detecting  the  presence  of  the 
smallest   possible    quantity  of 
gold  in  auriferous  liquids.     It 
has    been    stated    that    it    is 
capable  of  detecting   1   gr.  of 
gold  in  1  million  grs.  of  solu- 
tion when  transparently  clear 
so   as   to   transmit    the    light 
through  it ;  that  means  it  will 
detect  1  gr.  of  gold  in  about 
13    gallons  of   liquid.     Subse- 
quently I  will  describe  the  way 
to  make    the   chloride    of  tin 
and  also  the  method  of  using 
it,  pointing  out  its  remarkable 
features   in    the    detection    of 
gold.     The  tin  salt  sold  under 
that  name  in  the  crystallised 
form  is  of  uncertain  composi- 
tion, and  will  not  do,  as  it  turns 
the  green  liquor  being  tested  with  it  a  cloudy  grey 
colour,  and  this  lessens  its  value  as  a  test  by  taking 
away  its  best  distinguishing  quality,  for  when  there 
is  no  gold  in  the  liquid  no  change  of  colour  should 
with  the  chloride  of  tin  take  place.     Protochloride 
of  tin,  stannous  chloride,  and  chloride  of  tin,  by 
whichever  name  the  "  testing  acid  "  is  called,  are  all 
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Fig.  4.- 
Pipette. 
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Fig.  5.— Test 
tube. 
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the  same  thing.  The  water  standing  above  the 
muddy  sediment  lying  at  the  bottom  of  the  vessel 
should  always  be  sampled  and  tested  for  gold  with 
this  liquid,  before  being  drawn  off.  The  acid  water 
above  the  dark  coloured  mud  (this  contains  the 
gold)  will,  when  it  is  in  a  fit  state  to  be  drawn  off, 
appear  quite  clear,  with  the  exception  of  a  tinge  of 
green,  a  tint  given  by  the  copper  which  remains  in 
solution  in  the  form  of  dissolved  copper  chloride 
(cupric  chloride  CuCU).  The  copper  under  the 
copperas  process  is  not  precipitated  along  with  the 
gold  by  the  iron  sulphate  (ferrous  sulphate,  proto- 
sulphate  of  iron,  green  vitriol,  and  green  copperas 
salts  are  all  identical  in  substance,  although 
differently  named),  but  continues  to  remain  un- 
affected in  the  watery  waste,  and  is  no  detriment  to 
the  recovery  of  the  gold.  If  there  is  an  atom  of 
gold  remaining  in  the  liquid  when  testing  with  the 
tin  chloride,  that  acid  will  immediately  detect  it  by 
turning  the  sample  water  from  its  greenish  tinge  to 
a  reddish  brown,  or  if  more  to  a  black  colour,  the 
shade  varying  in  intensity  in  proportion  to  its 
diluteness  and  to  the  amount  of  gold  existing 
therein ;  when  this  is  the  case  it  shows  some  gold 
to  be  still  in  the  liquid  state,  and  more  copperas 
solution  must  be  added  to  the  bulk  of  liquid  until 
no  portion  of  gold  remains ;  and,  no  matter  how 
infinitesimal  it  may  be,  the  "tin  test"  will  dis- 
tinguish it  at  once  by  producing  a  change  in  the 
colour.  The  copperas  should  not  be  added  to  the 
waste  liquid  in  the  crystallised  state,  but  in  solution. 
Repeat  the  testing  operation  after  the  further 
addition  of  copperas.  When  pouring  in  the  latter 
solution  to  the  bulk  stir  well,  and  allow  to  settle 
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again  before  repeating  the  test,  and  if,  on  the  second 
occasion  of  testing,  no  gold  is  detected  in  the  sample 
taken  from  the  stoneware  jar,  the  water  standing 
above  the  sediment  may  safely  be  removed,  and 
conveyed  to  the  waste  water  filtering  tubs  to  avoid 
the  loss  of  any  fragment  of  metallic  gold  that  may 
happen  to  swim  on  the  top  of  this  kind  of  liquid 
waste,  the  surface  of  which  is  often  found  covered 
with  a  thin  lustrous  film  of  pure  gold. 

The  iron  in  the  copperas  salt  is  prevented  from 
precipitating  along  with  the  gold  by  the  large  volume 
of  hydrochloric  acid  (HCl)  usually  existing  in  liquids 
such  as  those  I  am  now  dealing  with,  for  that  acid 
has  a  greater  affinity  for  the  iron  than  the  gold, 
and  displacement  between  the  two  metals  takes 
place,  the  gold  going  to  the  bottom  of  the  vessel 
in  the  metallic  state  as  a  brown  powder,  while  the 
iron  remains  in  solution  as  muriate  of  iron,  called 
muriate  of  iron  when  in  a  liquid  and  chloride  of 
iron  when  in  crystals,  as  a  scientific  distinction. 
The  small  amount  of  nitric  acid  (HNO3)  existing  in 
the  liquid  oxidises  some  of  the  iron  in  the  copperas 
salt,  a  portion  of  which  then  becomes  ferric  sulphate, 
Fe2(S04)3,  or  FegSgOia,  or  Fe23S04,  and  that  is  the 
reason  for  a  larger  quantity  of  copperas  being 
required  to  throw  down  the  whole  of  the  gold  from 
these  mixtures,  as  the  former  takes  little  part  in 
the  precipitation  of  the  gold  through  losing  most  of 
its  active  properties  as  a  reagent  for  that  metal. 

The  silver  dissolved  from  the  work  during  the 
process  of  colouring  is  precipitated  as  chloride  of 
silver  (AgCl)  at  the  time  of  colouring  by  the  hydro- 
chloric acid  and  common  salt  used  in  the  colouring 
mixtures,  although  some  small  portion  of  the  silver 
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may  remain  in  a  soluble  condition  in  strong  HCl 
and  common  salt ;  this  is,  however,  when  the  colour 
waste  is  diluted  with  water  reacted  upon,  and  be- 
coming liberated  from  the  fluid  settles  down  with 
the  other  as  AgCl  to  the  bottom  of  the  vessel  which 
is  used  as  a  receptacle  for  receiving  these  kinds  of 
products.  The  truth  of  this  conviction  is  easily 
ascertained  by  pouring  off"  the  water  above,  collect- 
ing and  dissolving  some  of  the  sediment  (AgCl)  in 
a  solution  of  potassium  cyanide  and  immersing 
therein  a  piece  of  clean  copper  wire,  when  it  will 
almost  immediately  become  coated  with  metallic 
silver.  The  silver  chloride  may  be  separately 
collected  and  reduced  to  the  metallic  state  by 
adding  to  it  about  two  or  three  times  its  quantity 
of  water  acidulated  with  a  little  sulphuric  acid 
(H2SO4)  in  the  proportion  of  1  part  acid  to  10 
parts  water,  and  placing  in  contact  with  it  a  plate 
of  metallic  zinc  to  extract  the  chlorine ;  the  silver 
will  then  take  the  form  of  a  blackish  powder  of 
metallic  silver,  which  may  be  dried,  after  pouring 
off  the  liquid,  and  melted,  with  one-fifth  its  weight 
of  soda  ash  as  a  flux ;  or  it  may  be  washed  free  of 
organic  matter  and  dissolved  in  nitric  acid  and 
water  and  used  for  making  an  electro-plating  solu- 
tion ;  or  the  chloride  of  silver  as  it  is  taken  out  of 
the  stoneware  jar  may  be  well  washed  and  dissolved 
straight  away  with  cyanide  of  potassium  into  a 
silvering  solution,  without  reducing  the  silver  (in 
the  manner  before  stated)  to  the  metallic  state. 
Chloride  of  silver  is  insoluble  in  water.  I  give 
these  processes  for  what  they  may  be  worth,  but 
cannot  recommend  goldsmiths  and  jewellers  to  put 
them  into  practice  commercially,  as   some  of  the 
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metal  is  always  lost  in  these  washing  operations 
unless  very  carefully  performed.  The  far  better 
plan  is  to  collect  all  the  sediment  in  one  operation, 
boil  it  dry  in  a  small  boiler  furnace,  stirring  the 
mass  from  time  to  time  with  an  iron  rod,  and  then 
either  melt  it  into  a  bar  yourself,  have  two  or  three 
assays  taken  by  as  many  refiners,  and  sell  to  the 
highest  bidder,  or  let  the  refiners  take  a  sample  of 
the  burnt  powder  and  make  their  ofi'ers  for  it  in 
that  condition,  for  in  washing  these  sediments  some 
of  the  metal  is  frequently  carried  away  with  the 
wash  waters.  To  perform  some  of  these  operations 
commercially,  although  they  may  appear  exceedingly 
simple,  is  quite  another  thing  to  the  treatment  in- 
dulged in  scientifically  in  chemical  laboratories  for 
experimental  purposes  only,  as  difliculties  will  be 
encountered  with  the  first  kind,  when  being  carried 
out  in  factories,  that  do  not  present  themselves  to 
those  of  the  second  kind  performed  in  laboratories. 

Pure  iron  sulphate  is  of  a  green  colour  in  the 
crystallised  state,  and  white  in  solution,  but  the 
crystallised  green  vitrol  or  green  copperas  of  com- 
merce is  of  a  pale  bluish  green  owing  to  its  being 
contaminated  with  copper  sulphate,  but  when  in 
solution  it  is  of  a  green  colour,  and  has  an  inky 
taste.  This  salt  turns  concentrated  colour  liquid 
containing  gold  a  very  dark  brown  to  black,  but 
this  shade  ultimately  changes  to  one  of  reddish 
brown,  which  remains  fixed  although  every  vestige 
of  gold  may  have  been  separated  from  the  solution 
— the  undecomposed  nitric  acid  being  the  cause — by 
oxidising  some  of  the  iron  sulphate ;  the  difficulty 
then  is  when  to  cease  adding  the  copperas  solution, 
but   if  sufficient    of  the    green    vitrol   solution   is 


1 6     Precious  Metals  from  Waste  Liquid  Residues 

poured    into   the   colour  waste   when  considerably 
diluted  with  water,  it  will  quickly  reduce  the  dark 
shade  of  the  residue  colour  liquid  to  one  of  a  pale 
green,  which  readily  admits  the  light  through  it  to 
such  an  extent  that  it  appears  to  leave  the  water 
well-nigh  colourless,  a  result  which  proves  almost  to 
a  certainty  that  all  the  gold  has  been  thrown  down. 
It  cannot,  however,  be  safely  used  for  concentrated 
fluids  on  account  of  its  low  density  compared  with 
that   of   the    colour    liquids,    without   considerable 
stirring  to  force  it  through  those  accumulations,  for 
without  much  stirring  the  copperas  solution,  being 
lighter  in  weight,  will  not  pass  through  such  dense 
residuary  fluid   substances   from    end   to   end,  but 
remain   as  a  layer   on   the   top ;    therefore,   to   be 
successful,  you  will  see  the  paramount  importance 
of  well  thinning  the  concentrated  waste  colour  with 
water  to   enable   the   precipitant   to   search    right 
through  it,  and  to  act  upon  it  in  every  part.     In 
dilute  colour  preservings  the  copperas,  on  its  first 
addition,  changes  the  colour  of  the  fluids  to  a  dark 
brown  or  browny  black,  but  afterwards,  as  the  gold 
subsides,  the  colour  changes  to  one  of  very  clear 
pale  green.     A  good  plan  is  to  put  the  copperas 
solution  into  the  colour  waste  during  the  day,  stir 
frequently,  and  then  let  it  remain  all  night ;  by  the 
morning  all  the  gold  will  have  gone  down  and  the 
operation  completed.     Sulphate  of  iron  rapidly  pre- 
cipitates gold  in  these  mixtures,  but  the  particles 
being  so  very  fine,  time  is  required  for  their  com- 
plete subsidence.     The  precipitated  gold  is  removed 
from  the  jar  at  stated  periods  only,  according  to  the 
fixed  rule  of  each  factory,  and  not  each  time  the 
acid  water  is  withdrawn. 
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The  chloride  of  tin  has  the  advantage  of  being 
the  most  delicate  of  all  "tests" — that  is  to  say,  it 
will  indicate  the  presence  of  a  smaller  quantity  of 
gold  when  in  the  liquid  state  than  either  sulphate 
of  iron  or  oxalic  acid. 

For  drawing  off  a  sample  of  the  liquid  for  testing 
purposes  a  pipette  is  a  very  useful  little  instrument. 
It  consists  of  a  glass  tube  blown  with  a  bulb  in  the 
centre,  and  drawn  fine  at  one  end  (see  fig.  4).  The 
fine  end  of  the  instrument  is  put  into  the  liquid, 
the  other  end  into  the  mouth  of  the  operative,  and 
slight  suction  applied  until  the  bulb  is  filled  with 
fluid;  then  remove  from  the  mouth  and  stop  the 
top  end  with  the  thumb,  and  the  liquid  may  thus 
be  safely  transferred  to  the  glass  test  tube,  into 
which  the  liquid  will  run  from  the  pointed  end 
when  the  thumb  is  removed  from  the  top.  Next 
pour  into  it  a  few  drops  of  the  chloride  of  tin,  and 
very  closely  watch  if  any  change  of  colour  takes 
place.  If  no  discoloration  is  observed,  the  gold 
has  all  been  separated  from  the  liquid,  and  the 
latter  may  then  be  decanted  or  syphoned  off  the 
sediment,  leaving  the  vessel  ready  for  use  again 
as  circumstances  permit.  The  pipette  should  hold 
about  250  grs.  of  fluid.  The  test  tube  should  not 
only  be  held  between  the  eye  and  the  light  for 
examination,  but  also  so  held  that  the  light  is 
reflected  from  it  instead  of  passing  through  it. 
This  will  show  if  the  liquid  is  in  any  way  changed 
from  a  greenish  tint  to  a  faint  reddish  brown  hue, 
and  if  it  does  so  change  some  gold  must  still  be 
present,  for  a  very  minute  proportion  of  gold  gives 
a  manifest  reaction  when  this  test  is  employed,  its 
colour  being  so  characteristic  that  once  having  seen 
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it  you  will  not  in  future  be  likely  to  be  mistaken. 
Liquids  looked  at  through  transmitted  light  always 
appear  lighter  tinted  than  from  reflected  light. 

It  sometimes  happens,  after  complete  precipita- 
tion of  the  gold  has  been  effected  by  the  copperas 
solution,  that  minute  particles  of  the  gold  swim 
upon  the  surface  of  the  liquid,  and  it  is  often 
difficult  to  make  them  sink.  This  can,  however, 
generally  be  brought  about  by  beating  the  liquid 
with  a  glass  or  porcelain  rod.  After  the  super- 
natant water  has  been  removed  from  the  solid 
matter  as  far  as  is  expedient,  it  is  sometimes 
advisable  to  add  a  little  coarse  sawdust  to  the 
latter  in  order  to  dry  up  the  remaining  fluid.  This 
greatly  assists  in  the  drying  and  burning  down  of 
the  bulk,  and  prevents  the  resulting  product  form- 
ing into  so  refractory  a  substance,  or  by  another 
method  the  remaining  water  may  be  got  rid  of  by 
filtration  of  the  sediment. 

The  precipitated  gold,  by  a  further  method,  may 
be  separated  from  the  liquid  acid  water  by  filtering 
the  bulk  through  flannel  or  unglazed  calico,  but 
the  syphoning  is  by  far  the  best  and  most  useful 
method,  if  conducted  with  moderate  care  and  atten- 
tion. It  is,  however,  for  individual  manufacturers 
to  adopt  whichever  method  is  most  conducive  to 
their  interest. 

The  colour  liquid — unlike  the  general  waste 
waters,  which,  in  every  case,  are  considerably 
dilute — requires  diluting  with  water  besides  the 
rinsing  waters  used  in  the  colouring  process,  other- 
wise the  liquid  will  be  too  thick  and  dense  for  the 
copperas  to  act  to  the  best  advantage.  The  colour 
liquid  should  be  sufficiently  dilute  that  when  the 
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copperas  is  added  it  should  clear  the  solution  suffi- 
ciently for  the  chloride  of  tin  to  pass  freely  through 
the  liquid  put  into  the  test  tube  for  sampling,  so 
that  by  its  action  it  may  be  at  once  perceived  if 
any  gold  is  left  in  the  solution,  no  matter  how 
infinitesimal  the  portion  may  be.  When  in  the 
right  condition,  the  chloride  of  tin  can  be  seen 
travelling  with  sparking-like  action  to  the  bottom  of 
the  test  tube,  without  the  least  change  in  the  colour 
of  the  fluid,  when  it  contains  no  gold. 

Ferrous  sulphate  or  copperas  quickly  oxidises  in 
the  air,  losing  some  of  its  active  properties  and 
giving  turbid  solutions.  It  should  therefore  be 
kept  in  air-tight  vessels  when  not  required  for 
immediate  use.  It  will  assume  a  rusty  brown 
colour  on  the  surface  when  it  has  taken  up  oxygen 
from  the  air,  in  which  case  that  portion  causes  very 
little,  if  any,  precipitate  of  gold,  and  this  may  not 
be  generally  known  as  being  the  reason  of  some 
imperfect  results  in  gold  precipitation. 

It  is  frequently  better  economy  to  prepare  the 
precipitant  for  the  gold  in  the  factory,  and  this  may 
easily  be  done  in  the  following  manner  :  Into  a 
stoneware  acid-proof  vessel  put  some  iron  filings  or 
scraps  of  iron,  then  some  water,  and  to  this  is  added 
a  certain  proportion  of  sulphuric  acid  (oil  of  vitriol). 
This  mixture  must  be  prepared  a  few  days  before  it 
is  actually  required  for  use,  to  enable  the  whole  of 
the  iron  to  become  dissolved.  The  under-mentioned 
is  a  useful  formula  to  employ  : — 

Iron  filings     .         .         .         .         1  oz.    or  20  ozs. 
Oil  of  vitriol  .         .         .         .         1   ,,      „      1  pint 
Water 8  ozs.  „      1  gallon 

More   iron   than   the    above    will   dissolve  in    this 
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mixture,  but  then  it  is  apt  to  crystallise  in  the 
vessel,  and  will  require  to  be  redissolved  in  water 
before  it  can  be  used,  otherwise  it  will  be  no  dis- 
advantage. One  half  pint  of  this  solution  will 
precipitate  about  1  oz.  of  gold,  and  a  teacupful 
of  the  crystals  (when  redissolved  in  water)  a  like 
amount.  This  knowledge,  when  possessed  by  the 
workman,  will  enable  him  to  judge  pretty  nearly 
how  much  to  take,  in  either  form,  for  precipitating 
the  estimated  amount  of  gold  in  the  waste  liquid. 
After  this  is  added,  if  it  does  not  remove  the 
dark  colour  from  the  liquid,  as  much  more  of  the 
precipitant  as  is  required  to  clear  the  solution  is 
imperative,  for  the  fluid  must  appear  perfectly  clear 
before  the  water  can  be  drawn  off",  and  I  emphasise 
this  point,  in  order  that  complete  success  may  be 
the  result  of  the  operation. 

The  chloride  of  tin  testing  liquid  should  always 
be  prepared  on  the  premises,  and  not  purchased 
from  a  chemist ;  then  you  will  be  absolutely  on  the 
safe  side  as  regards  its  capacity  to  act  properly.  It 
is  made  as  follows  : — 

Pure  grain  tin  ...         1  oz.    or    5  ozs. 

Pure  hydrochloric  acid     .         .         4  ozs.  „  20    ,, 

Both  the  metal  and  the  acid  must  be  quite  pure, 
and  the  hydrochloric  acid  is  best  saturated  with  the 
tin — that  is  to  say,  as  much  tin  should  be  dissolved 
therein  as  it  is  capable  of  taking  up  when  put  under 
gentle  heat.  Put  the  tin  into  a  glass  dissolving 
flask  (fig.  6),  then  the  hydrochloric  acid,  and  heat 
gently  by  means  of  a  sand  bath  (fig.  7),  placed  on  a 
small  gas  stove  (fig.  8),  until  the  whole  of  the  tin 
has  gone  into  solution,  and  when  cool,  after  having 
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removed  the  flask  from  the  stove,  put  the  contents 
into  a  stoppered  glass  bottle  and  preserve  in  a  dark 
place.  This  liquid  is  acted  upon  by  light,  therefore 
do  not  omit  this  advice.    A  single  drop  of  this  liquid 


c:>^ 


Fig.  6.— Glass  dissolving  flask. 


Fig.  7.— Sand  bath. 


on  being  allowed  to  fall  into  the  clear  pale  green 
sample  of  250  grs.  selected  for  testing,  if  there  is 
more   than    the   minutest   quantity  of  gold   in   it, 


Fig.  8. — Gas  stove. 


will  turn  the  liquid  a  black  colour,  even  through 
transmitted  light,  and  looking  at  the  same  through 
reflected  light  it  will  appear  jet  black.  Two- 
thousandth  part  of  a  grain  of  gold,  if  existing  in 
the  quantity  of  liquid  put  into  the  test  tube  (equal 
to  1  gr.  in  26  quarts — 6^  gallons — will,  with  a  few- 
drops  of  chloride  of  tin,  change  the  pale  green 
colour  of  the  liquid  to  a  browny  red  colour,  and  if  it 
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contains  more  gold,  from  that  to  a  brownish  black 
colour,  and  still  further  to  an  inky  black  colour, 
due  in  proportion  to  the  amount  of  gold  there  has 
been  left  in  the  solution  after  precipitation  with 
the  copperas  mixture.  The  more  gold  there  is 
the  darker  will  be  the  colour.  This  reagent  freely 
penetrates  through  the  whole  of  the  liquid  sample, 
and  will  show  you  with  accuracy  whether  the  treat- 
ment with  copperas  has  been  properly  performed. 

No  other  acid  or  chemical  salt  is  required  to  be 
added  to  the  gold  liquid  resulting  from  "  colouring  " 
to  prepare  it  for  the  reception  of  the  ferrous  sulphate 
(copperas).  For  this  salt  will,  particularly  when 
the  colouring  waste  liquids  are  weakened  with 
water,  remove  all  the  chlorine  from  its  combination 
with  the  gold  to  unite  with  the  iron  of  the  ferrous 
sulphate  for  which  it  has  greater  affinity,  thus  con- 
verting the  latter  substance  into  chloride  of  iron 
(ferric  chloride  Fe2Cl6).  I  have  already  stated  the 
small  amount  of  nitric  acid  (HNO3)  existing  in  the 
liquid,  and  resulting  from  its  combination  with  the 
saltpetre,  one  of  the  ingredients  used  in  the  colour- 
ing mixture,  oxidises  and  converts  some  portion  of 
the  ferrous  sulphate  into  ferric  sulphate  Fe2(S04)3 
(a  higher  state  of  oxidation  than  ferrous  sulphate) 
without  separating  the  gold  from  the  liquid.  The 
ferrous  compound  takes  up  the  chlorine  which  holds 
the  gold  in  solution  to  form  chloride  of  iron,  and  by 
this  reaction  the  complete  precipitation  of  the  gold 
is  effected,  for  when  the  chlorine  (the  actual  solvent 
of  the  gold)  is  removed,  the  gold  gradually  settles 
down  to  the  bottom  of  the  vessel  as  a  dark  brown 
metallic  powder.  After  allowing  time  for  the  gold 
to  settle  and  the  solution  to  become  cleared  of  its 
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turbidness,  the  clear  pale  green  liquid  is  ready  to  be 
drawn  off  from  above  the  gold  deposit  in  the  manner 
already  described.  When  this  has  been  done,  the 
vessel  is  ready  for  fresh  quantities  of  colour  exhaust, 
rinsings  and  water  to  be  put  in  as  occasion  requires, 
the  fresh  portions  being  subsequently  tested  in  the 
same  way  as  the  first,  and  this  method  is  repeated 
again  and  again,  until  sufficient  gold  has  accumu- 
lated upon  the  bottom.  The  gold  recovered  in  this 
manner  is  usually  very  pure,  because  other  metals 
should  not  be  precipitated  by  the  ferrous  sulphate 
(copperas).  The  silver  chloride,  when  not  previously 
removed  from  the  vessel,  will  of  course  cause  the 
purity  of  the  gold  to  be  reduced  in  fineness.  The 
copperas  solution  does  not  change  the  silver  from 
its  form  of  chloride  to  the  metallic  state. 

To  recover  the  gold  almost  pure  from  colour  liquid 
waste,  dilute  the  bulk  with  water,  and  this  will  pre- 
cipitate the  whole  of  the  silver.  Allow  time  for  it 
to  settle,  then  draw  oif  the  liquid  above  the  pre- 
cipitate of  silver  chloride.  The  water  drawn  off" 
will  contain  the  gold  and  copper  in  their  liquid  state, 
which,  after  being  treated  with  the  copperas  solution, 
the  former  will  become  precipitated  as  nearly  pure 
metallic  gold,  the  copper  being  still  left  in  the  water 
above  the  gold,  and  with  this  will  be  most  of  the 
iron  released  from  the  copperas  salt,  a  little  oxide 
of  iron  being  mixed  with  the  gold. 

I  will  now  give  a  brief  description  of  the  reactions 
evolved  in  both  strong  and  weak  colouring  waste 
products,  and  also  in  the  rinsing  waters  from  the 
same  when  separately  treated,  to  determine  whether 
the  whole  of  the  gold  has  been  removed  from  the 
various  liquids  before  the  testing  device  is  brought 
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into  use.  Either  chloride  of  tin  or  sulphate  of  iron 
may  be  employed  as  the  final  testing  agent,  but  if 
the  latter  is  made  use  of  it  must  be  the  pure  salt, 
and  when  dissolved  only  the  clear  white  liquid  taken 
for  the  purpose  of  testing,  for  if  the  solution  is  at 
all  turbid  no  positive  opinion  can  be  arrived  at,  as 
it  will  impart  its  own  rusty-looking  brown  colour  to 
the  liquid  sample  under  examination,  and  will  then 
not  prove  sufficiently  distinguishing. 

Sulphate  of  iron,  if  freshly  made  from  the  pure 
salt  and  a  few  drops  of  the  liquid  are  added  to  a 
very  dilute  acid  solution  containing  the  merest  trace 
of  gold,  gives  a  beautiful  light  blue  colour  to  the 
liquid ;  but  in  a  stronger  acid  solution,  with  the 
smallest  increase  in  the  proportion  of  gold  and  a 
corresponding  increase  in  the  proportion  of  the  test- 
ing drops,  a  dark  blue  will  be  imparted  to  the  liquid, 
and  when  there  is  a  fraction  more  gold  in  the 
solution  the  depth  of  colour  will  increase  to  a 
brownish  black,  and  to  a  higher  degree  the  richer  is 
the  solution.  After  a  few  hours'  rest  for  the  gold 
to  settle  down,  the  liquid  above  it  will  change  back 
to  a  pale  green  colour  of  transparent  clearness 
which  readily  admits  of  the  rays  of  light  passing 
through  it. 

Chloride  of  tin,  a  few  drops  of  this  liquid  on 
being  added  to  a  very  dilute  acid  solution  containing 
the  minutest  atom  of  gold,  gives  a  brownish  red 
colour  to  the  liquid,  but  in  a  stronger  acid  solution 
with  the  slightest  increase  in  the  proportion  of  gold, 
a  brownish  black  colour  will  at  once  be  given  to  the 
liquid,  and  when  there  is  more  gold  in  the  solution 
the  depth  of  colour  will  increase  to  a  coal  hlack. 
But  unlike  the  sulphate  of  iron,  the  chloride  of  tin 
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does  not  clear  the  solution  so  as  to  admit  the  light 
passing  through  it,  but  remains  the  same  colour 
into  which  it  is  changed  for  a  considerable  time 
afterwards.  It  will  be  observed  that  the  more  gold 
there  happens  to  be  in  the  sample  liquids  selected 
for  trial  the  darker  will  be  the  resulting  colours  from 
the  action  of  both  testing  mixtures. 

Sulphate  of  iron  is  the  best  and  quickest  pre- 
cipitant for  bulky  solutions,  seldom  requiring  more 
than  a  few  hours  to  throw  down  the  whole  of  the 
gold  and  clear  the  solution  sufficiently  for  testing 
purposes. 

Chloride  of  tin  is  the  most  delicate  test,  and  by 
far  the  best  one  to  be  employed  in  ascertaining  if 
the  sulphate  of  iron  has  precipitated  all  the  gold 
from  the  waste  liquid  colour  and  its  belongings. 

The  colour  rinsings  contain  a  considerable  portion 
of  gold,  as  the  following  examinations  will  show. 
Frequently  after  colouring  a  batch  of  work  I  have, 
for  experimental  purposes,  swilled  the  pot  out  with 
water  and  added  this  to  the  rinsings  through  which 
the  work  had  passed,  then  put  a  portion  of  this 
water  into  a  test  tube  and  added  a  few  drops  of  tin 
chloride ;  in  each  case  it  immediately  assumed  the 
colour  of  port  wine.  As  to  further  experiments, 
after  first  well  washing  the  inside  of  the  test  tube 
with  weak  diluted,  hydrochloric  acid,  and  following 
this  with  clean  water,  I  proceeded  to  treat  varying 
quantities  of  the  rinsing  water  by  putting  a  few 
grains  to  begin  with  into  the  test  tube,  and  after- 
wards filling  it  up  with  water — the  proportions  of 
rinsings  being  increased  each  time  and  less  water 
added — with  the  view  of  ascertaining  the  dis- 
tinguishing effects  of  the  tin  test  on  the  different 
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samples.  The  colours  produced  varied  from  a 
browny  red  to  a  dark  black,  with  only  a  few  drops 
of  the  testing  fluid,  in  proportion  to  the  amount  of 
additional  water  that  had  been  used  in  the  experi- 
ments. Next,  a  hot  solution  of  copperas  was  stirred 
into  the  rinsing  waters  and  allowed  to  rest  for  an 
hour  or  so,  when  the  liquid  became  as  clear  as  water. 
A  drop  or  two.  of  chloride  of  tin,  on  being  added  to 
a  portion  of  the  clear  liquor,  after  transference  to 
the  test  tube,  produced  then  no  change  of  colour, 
thus  showing  most  conclusively  that  no  gold  after 
this  treatment  was  left  in  the  rinsings.  On  the 
water  being  poured  carefully  out  of  the  basin  and 
the  small  black  sediment  dried,  it  was,  after  rubbing 
with  a  burnisher,  proved  to  be  metallic  gold  of 
almost  its  natural  colour.  In  nitric  acid  it  was 
insoluble.  These  results  settle  firmly  two  facts, 
perhaps  hitherto  not  very  generally  known,  namely  : 
(l)  that  a  considerable  quantity  of  gold  is  left  in 
the  rinsing  waters  used  in  the  colouring  process ; 
and  (2)  that  the  tin  chloride  "  test "  is  a  fine  and 
eminently  satisfactory  one  in  its  search  for  gold 
when  in  the  dissolved  state,  for  when  gold  is  present 
it  affords  an  infallible  proof  of  its  existence  as 
evidenced  by  the  results  of  these  investigations. 

Oxalic  acid  (C2H2O4  +  2H2O),  the  acid  of  sorrel, 
is  another  test  for  liquid  gold,  although  not  so  fine 
a  one  as  the  tin  test.  This  salt  when  dissolved  in 
water  (l  oz.  of  the  salt  to  5  ozs.  of  water)  and 
some  of  it  added  to  a  solution  of  gold,  causes  it 
to  be  precipitated  ^.s  a  brown  powder,  in  clear 
solutions,  in  the  same  manner  as  the  sulphate  of 
iron ;  but  the  precipitation  does  not  occur  so 
rapidly,  for  it   requires  not   less   than  forty-eight 
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hours  for  the  whole  of  the  gold  to  be  precipitated 
by  oxalic  acid  solution.  This  test  liquid  when 
added  to  a  solution  of  gold  acts  very  slowly  in  the 
cold,  but  on  applying  heat,  which  is  a  chief  point, 
it  acts  more  quickly  and  liberates  carbonic  acid 
gas  from  the  mixtures.  It,  however,  precipitates 
gold  to  the  metallic  state  without  any  other  metal 
that  may  be  present  going  down  with  it.  It  is  a 
powerful  poison.  But  apart  from  this,  it  is  not  a 
suitable  precipitant  for  goldsmiths'  and  jewellers' 
residue  solutions,  nor  for  a  "test"  to  finally  deter- 
mine the  presence  of  gold  after  the  adoption  of  the 
copperas  treatment.  The  chloride  of  tin  is  much 
the  better  one,  not  only  on  account  of  its  atomic 
weight,  but  also  for  the  other  reasons  I  have  stated. 
And  the  sulphate  of  iron  will  precipitate  the  gold 
from  all  acid  solutions  so  effectively  that  this  par- 
ticular testing  fluid  will  show  no  action  in  any  part 
of  the  clear  liquids  resulting  from  its  effects,  thus 
determining  at  once,  when  such  is  the  case,  that 
no  gold  is  present  in  the  solutions  subjected  to  its 
influence. 

Stoneware  acid-proof  vessels  are  best  for  pre- 
serving these  residue  liquids,  for  being  smooth 
inside  they  are  better  for  cleaning  out  the  gold 
sediment,  as  it  will  not  stick  to  the  sides  like  it 
does  to  wood,  which  becomes  soft  and  porous, 
unless  thickly  coated  inside  with  asphaltum 
cement. 

The  action  of  sulphate  of  iron  on  the  colour 
rinsings  and  pot  washings  produces,  without  further 
dilution,  a  light  blue  colour  through  transmitted 
light,  and  one  of  a  darker  hue  through  reflected 
light,  taking   the  quantity  of  rinsings   commonly 
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made  use  of  (about  two  quarts)  for  a  single  colouring 
operation. 

The  action  of  the  chloride  of  tin  on  colour 
rinsings  and  pot  washing  produces,  even  when  they 
are  further  diluted  with  an  equal  bulk  of  water,  a 
browny  red  colour  through  transmitted  light,  and 
one  of  a  dark  brown  through  reflected  light.  The 
larger  is  the  batch  of  work  being  coloured  and  the 
stronger  is  the  mixture  employed,  the  more  gold  is 
of  course  left  in  the  rinsing  waters,  and  this  causes 
the  colour  tinges  brought  about  by  either  of  the 
testing  liquids  to  be  any  shade  between  a  light  blue 
and  a  dark  brown  with  the  iron  test,  or  between  a 
red  brown  and  a  dark  black  with  the  tin  test.  The 
exact  shade  of  colours  obtained  depends,  in  all  cases, 
upon  the  quantity  of  water  used  in  the  operations. 

The  gold  sediment  which  accumulates  in  the 
stoneware  jar  is  usually  collected  every  six  months 
(or  oftener,  according  to  the  amount  of  work  that 
has  been  coloured),  and  put  into  a  small  boiler 
furnace  made  of  cast-iron  (fig.  9),  to  be  gradually 
dried  of  its  moisture,  and  then  heated  hot  enough 
to  completely  destroy  all  organic  matter.  It  must 
be  stirred  repeatedly  during  this  operation  to  pre- 
vent its  agglutinating.  The  burnt  dry  powder  is 
next  well  pounded  to  break  up  hard  lumps,  then 
passed  through  a  fine  sieve,  and  this  operation  of 
pounding  and  sieving  is  repeated  until  all  the 
coarse  parts  are  reduced  to  fine  powder  to  enable 
the  whole  of  the  product  to  freely  pass  through 
the  sieve.  The  fine  powder  is  then  mixed  with  a 
reducing  flux  in  the  following  proportions  : — 

Waste  colour  residue     .         ,       10  ozs.  or  100  ozs. 
Soda-ash  (NagCOg)         .         .         3    „     „     30    „ 
Fluor  spar  (CaFg)  .         .         1  oz.     „     10    „ 
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This  is  an  excellent  flux,  which  the  writer  has 
devised  for  the  purpose  of  melting  this  kind  of 
residue.  The  fluxes  used  must  be  reduced  to  quite 
fine  powder,  and  then  thoroughly  well  mixed  with 


Fig.  9. — Boiler  furnace  for  drying  precipitates. 

the  gold  residue.  Put  the  preparation  into  a  clay- 
crucible  (the  sort  called  a  London  round  is  the  best, 
as  the  action  can  be  more  easily  watched,  and  it 
stands  the  fire  and  fluxes  better  than  most  of  the 
other  kinds)  and  transfer  it  to  the  melting  furnace. 
A  good  heat  will  be  required  for  its  complete 
fusion ;  continue  the  heat  until  the  mass  becomes 
quite  liquid,  which  is  facilitated  by  an  occasional 
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stirring  with  a  thin  iron  rod.  This  helps  to  break 
up  any  undissolved  portions  and  bring  them  within 
the  action  of  the  flux ;  thus  a  more  perfect  fusion 
is  obtained  by  inducing  uniform  liquidness,  and 
allowing  of  all  the  light  particles  of  gold  to  pass 
downwards  through  the  thin  flux  to  the  bottom  of 
the  crucible,  so  as  to  become  collected  together  into 
one  united  lump  of  gold. 

If  any  obstacle  in  the  mixed  product  prevents  the 
flux  from  taking  the  form  of  a  thin  liquid,  such  as 
iron  oxide  (a  small  portion  of  which  may  have  gone 
down  with  the  gold  during  precipitation),  a  few 
crystals  (about  2  per  cent.)  of  nitrate  of  soda 
(NaNOs)  added  to  the  fused  mass  in  the  crucible 
will  assist  the  fusion  and  further  oxidise  any  portion 
of  the  iron  that  may  be  present  in  the  residue,  and 
this  is  then  dissolved  by  the  fluor  spar  and  with- 
drawn from  the  gold  into  the  slag  ;  or  a  little  more  of 
the  mixed  flux  may  be  used  instead  if  preferred,  for 
although  an  oxidising  flux  oxidises  the  base  metals 
first,  when  it  is  used  in  too  large  quantities  it  causes 
some  loss  of  gold  as  well  by  volatilisation,  particu- 
larly when  the  latter  is  in  a  very  fine  state  of 
division.  The  writer  has  found  this  colour  waste 
flux  very  satisfactory  in  his  operations,  and  the  pro- 
portions given  ample  for  the  collection  of  the  gold 
by  giving  the  product  a  good  heat  and  seeing  that 
it  becomes  thoroughly  liquid  before  withdrawing 
the  crucible  from  the  fire,  for  if  this  is  not  done  the 
whole  of  the  gold  will  not  be  recovered  from  the 
residue.  The  whole  contents  of  the  crucible  should 
be  reduced  to  a  thin  liquid  consistency  to  cause  the 
small  globules  of  melted  metal  to  pass  through  the 
mass  of  foreign  matter,  by  which  in  the  first  stage 
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of  fusion  they  are  surrounded,  to  the  bottom  of  the 
crucible,  and  by  keeping  up  a  good  circulation  in 
the  fused  contents  of  the  crucible  by  an  occasional 
stirring,  the  result  will  be  found  very  satisfactory 
and  easy  of  accomplishment. 

Well-burnt  precipitate  of  this  description  takes 
two-fifths  of  its  weight  of  flux  to  melt  it  properly. 
The  carbonate  of  soda  or  soda-ash  is  sold  in  a  dry 
fine  powder ;  it  is  a  good  reducing  flux  on  account 
of  the  carbon  it  contains,  and  of  its  melting  into  a 
thin  fluid  ;  it  also  acts  as  an  oxidising  agent  to  iron  : 
while  the  calcium  fluoride  or  fluor  spar  possesses 
oxide  dissolving  properties  for  iron  and  other  metals  ; 
and  a  small  amount  of  it  is  the  equal  to  a  larger 
quantity  of  most  other  fluxes.  Both  these  fluxes 
are  cheap,  which  is  also  greatly  in  their  favour. 
Fluor  spar  melts  to  a  very  limpid  fluid,  and  when 
used  along  with  the  soda-ash  forms  an  excellent 
compound  flux  for  wet-colour  precipitates.  The 
flux  floats  on  the  top  of  the  melted  metal,  dissolving 
and  withdrawing  into  the  slag  any  particles  of  iron 
oxide  that  may  have  fallen  down  with  the  gold 
during  precipitation  or  formed  in  burning  the 
residue,  and  it  is  readily  parted  from  the  metal 
underneath  when  the  crucible  is  broken  to  recover 
the  button  of  gold. 

Ferrous  sulphate  (FeS04  +  7H20  being  its  mole- 
cular formula)  in  the  crystallised  state  contains 
56  parts  of  iron,  32  parts  of  sulphur,  64  parts 
of  oxygen,  and  126  parts  of  water  =  278,  which 
represents  its  molecular  weight  and  combining 
proportions.  One  ounce  of  the  salt  contains  4  dwts. 
of  iron  as  its  percentage  of  the  compound. 

Stannous  chloride  (SnCl2  +  2H20  being  its  mole- 
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cular  formula)  in  the  crystallised  state  contains 
118  parts  of  tin,  71  parts  of  chlorine,  and  36  parts 
of  water  =  225,  which  represents  its  molecular  weight 
and  combining  proportions.  One  ounce  of  the  salt 
contains  10 J  dwts.  of  tin  as  its  percentage  of  the 
compound. 

Oxalic  acid  (C2H2O4  +  2H2O  being  its  molecular 
formula)  in  the  crystallised  state  contains  24  parts 
of  carbon,  2  parts  of  hydrogen,  64  parts  of  oxygen, 
and  36  parts  of  water  =126,  which  represents  its 
molecular  weight  and  combining  proportions.  This 
is  explained  by  saying  that  it  takes  24  parts  by 
weight  of  carbon,  2  parts  by  weight  of  hydrogen, 
64  parts  by  weight  of  oxygen,  and  36  parts  by 
weight  of  water  to  unite  chemically  to  produce  126 
parts  by  weight  of  crystallised  oxalic  acid.  This 
salt  being  an  organic  substance  composed  of  non- 
metallic  elements,  it  forms  an  excellent  precipitant 
for  gold  when  it  is  absolutely  necessary  for  the 
gold  to  be  precipitated  free  from  any  other  metal. 
The  action  of  oxalic  acid  on  liquids  holding  gold  in 
solution  being  that  the  hydrogen  takes  up  the 
chlorine  with  which  the  gold  is  associated  to  form 
hydrochloric  acid,  and  this  frees  the  gold,  causing 
it  to  fall  down  from  the  liquid  as  a  metallic  powder, 
whilst  the  carbon,  also  a  reducing  element,  takes 
up  oxygen  from  the  liquid,  thus  forming  during  the 
process  hydrogen  chloride  (HCl)  and  carbonic  acid 
(CO2).  The  latter  mostly  escapes  as  a  gas  as  the 
work  of  precipitation  gradually  proceeds.  Chlorine 
(CI)  is  the  actual  solvent  of  the  gold  in  waste  colour 
liquids,  of  which  it  takes  three  atoms  to  form 
chloride  of  gold  (AuCla)  and  any  excess  will  be 
rejected  after  combination  has  taken  place,  the  excess 
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either  being  chemically  united  with  the  hydrogen 
of  the  water  to  form  hydrochloric  acid,  or  mechani- 
cally mixed  with  the  watery  fluid. 

Chemically,  each  elementary  substance  has  an 
abbreviation  of  its  full  name,  called  its  symbol, 
which  also  represents  its  atomic  weight — Fe,  for 
instance,  the  symbol  for  iron,  does  not  only  mean 
iron,  but  56  parts  by  weight  of  iron.  Sn,  the 
symbol  for  tin,  does  not  only  mean  tin,  but  118 
parts  by  weight  of  tin. 

When  the  small  figure  follows  after  the  symbol 
it  represents  the  number  of  atoms  present  in  the 
molecule  of  that  particular  element — thus  O4  and 
CI2  in  the  above  formulas  mean  that  the  molecule 
of  the  element  oxygen,  as  shown  by  the  first  named 
symbol,  contains /owr  atoms  of  oxygen,  or  a  multiple 
of  four  times  its  atomic  weight  of  16  by  taking 
the  latter  as  one  atom ;  and  that  the  molecule  of 
the  element  chlorine,  as  shown  by  the  second  named 
symbol,  contains  two  atoms  of  chlorine,  or  a  multiple 
of  twice  its  atomic  weight  of  35*5  by  taking  the 
latter  as  one  atom. 

When  the  large  figure  is  in  front  of  the  symbol 
it  represents,  of  an  element,  the  number  of  atoms, 
and  of  a  compound,  the  number  of  molecules  there 
are  in  the  whole  compound  substance ;  thus  the 
coiiipounds  7H2O  and  2H2O  represent  the  weight 
of  seven  molecules  of  water  with  regard  to  the  first 
named,  and  of  two  m,olecules  of  water  with  regard 
to  the  second  named.  The  molecular  formula  for 
water  being  H2O,  a  combination  of  2  parts  hydrogen 
and  16  parts  oxygen  =18,  which  represents  its 
molecular  weight  and  combining  proportions,  and 
that  is  taken  to  represent  one  molecule  of  water 
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consisting  of  two  atoms  of  hydrogen  and  one  atom 
of  oxygen. 

The  parts  of  the  different  elements  as  expressed 
in  the  paragraphs  above  may  be  taken  as  the 
number  of  grains  of  each  substance  which  will 
chemically  combine  with  each  other  to  form  ferrous 
sulphate,  stannous  chloride,  and  oxalic  acid. 

The  drying  and  calcining  furnace  as  shown  in 
the  illustration  (fig.  9),  is   a  very  economical  and 
much  approved  apparatus   for  the   drying   of  pre- 
cipitates  of  all   kinds   to   be  met  with    in  manu- 
facturing jewellery  establishments,  and   it  is  also 
applicable  for  the  burning  of  all  the  organic  residues 
arising  during  the  course  of  the  multifarious  work- 
ing operations.     It  consists  of  a  shallow  cast-iron 
pan    resting    upon   a   frame   of    brickwork.      It   is 
heated  by  a   coal  fire,  but  any  other  kind  of  fuel 
may,  if  desired,  be  used  for  the  purpose  of  heating. 
The  boiler  pan  is  covered  with  an  arch  (or  a  movable 
fume  hood  may  be  used  instead,  if  preferred)  having 
on  the  top  an  iron  pipe  for  carrying  ojff  the  fumes 
evolved  during  the  operation  of  drying  and  burning 
the  residuary  products  to  powder.     Two  cast-iron 
doors  are  fitted  in  front  of  the  brickwork,  one  for 
receiving  the  fuel,  and  the  other  to  allow  for  the 
burnt  ashes  to  be  removed.     The  degree  of  heat  is 
regulated  by  means  of  these  doors,  for  by  closing 
the  top  or  fire  door  and  opening  the  lower  or  ash 
door,  the  heat  can  be  increased  considerably  when 
required,  and  by  closing  the  bottom  door  and  open- , 
ing  the  top  one,  the  heat  can  be  slowed  down  in 
demand  to  the  exigencies  of  the  operation.     Coat- 
ing the  inside  of  the  boiler  with  a  paste  of  lime  and 
water,  or  with  whiting  and  water  (or  with  linseed 
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oil  instead  of  water),  well  rubbed  on  the  iron 
surface,  and  then  dried,  tends  to  prevent  the  liquid 
substances  attacking  the  iron  in  case  they  contain 
strong  mineral  acids. 

Sometimes    it    is    advisable    with    waste    colour 

liquids,  after  you  have  got  off  what  water  you  can 

with   the    syphon,    to  add   two   or   three    separate 

portions  of  boiling  water  and  well  stirring  up  the 

sediment    each    time,    allowing   the    precipitate   to 

settle  down  again  before  drawing  oj6f  the  water  for 

any  subsequent  addition  to  be  made ;  this  is  to  free 

the  sediment  of  any  acid  and  destroy  any  corrosive 

action  that  it  may  be  possessed  of  before  putting  it 

into  the   drying  pan.     When  rendered  sufficiently 

neutral,  which  may  easily  be  known  by  dipping  the 

finger  into  the  last  rinsings  and  tasting  the  liquid  ; 

it  will  then  have  a  sour  taste.     Well  diluted  colour 

waste    liquids    do    not    require    these    preventive 

measures   being   adopted.     After  putting  the  gold 

sediment  into  the  cast-iron  boiler,  dry  gradually  at 

first,  then  heat  it  until  all  is  burnt  to  a  powder  ; 

this  is  greatly  facilitated  by  a  repetition  of  careful 

stirrings  with  a  thin  iron  rod.     The  residue  will  in 

most  cases   turn  red    in  burning.     This  is  owing, 

probably,  to  some  oxide  of  iron  having  gone  down 

with    the    gold,    through   portions    of   the   ferrous 

sulphate  salt  becoming  oxidised  to  ferric  sulphate 

(Fe2(S04)3),    which    corresponds   with   ferric    oxide 

(Fe203),   a   red   powder   commonly   known   as   col- 

cothar,  crocus,  and   red  oxide  of  iron,  a  material 

used  in  the  polishing  of  gold  articles.     This  oxide 

when   once   formed    is  insoluble  in  water  and  not 

readily  dissolved  by  moist  chlorine. 

Precipitates  of  the   precious  metals,  reduced  to 
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dry  powder  in  a  boiler  furnace  of  the  description 
here  represented,  are  effected  without  any  loss  of 
gold  or  silver,  as  is  frequently  the  case  when  they 
are  washed. 

Gold  dissolved  in  colour  menstruums  cannot  be 
recovered  therefrom  by  simple  filtering  operations 
alone,  notwithstanding  what  is  said  to  the  contrary, 
for  the  gold  will  pass  the  filtering  materials,  such  as 
paper,  calico,  baize,  woollen  cloth,  and  other  sub- 
stitutes, when  in  a  state  of  solution,  as  readily  as 
the  clear  water  itself  does ;  only  the  organic  sub- 
stances will  be  left  behind  on  the  filters,  the  whole 
of  the  gold  being  entirely  lost,  if  the  filtered  liquid 
is  allowed  to  pass  straight  into  the  drains  without 
chemical  treatment. 

Ferrous  sulphate  (copperas)  causes  no  eff'er- 
vescence  or  frothing  to  take  place  in  waste  colour 
liquids  holding  gold  in  solution.  Neither  does  it 
cause  fumes  to  be  evolved.  In  aqua-regia  contain- 
ing gold  the  same  characteristics  are  of  identically 
a  like  kind. 

Stannous  chloride  (tin  salt)  causes  no  effer- 
vescence, fumes,  or  frothing  to  take  place  in  test- 
ing the  samples  selected  from  the  waste  colour 
liquid,  nor  does  it  with  those  containing  gold  in 
solution  in  aqua-regia. 

Oxalic  acid  added  to  either  of  the  above  liquids 
produces  effervescence  and  bubbles  of  gas.  For 
the  complete  precipitation  of  the  gold  by  this  salt, 
sufficient  oxalic  acid  solution  must  be  added  until  it 
does  not  produce  effervescence,  and  then  it  is  best 
to  slightly  heat  the  solution,  when,  if  there  be  any 
gold  present,  it  will  be  precipitated  as  a  dark  brown 
powder.     Carbonic  acid  gas  escapes  in  bubbles  soon 
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after  the  oxalic  acid  is  added  to  the  gold  liquid, 
which,  in  a  cold  solution,  is  rather  slow  in  action, 
thus  giving  time  for  the  bubbles  of  gas  taking  place 
throughout  the  solution  to  be  observed ;  and  to 
permit  of  the  numerous  small  particles  of  metallic 
gold,  forming  in  the  body  of  the  liquid  by  the 
reactions  evolved,  to  more  slowly  fall  down  in  the 
form  of  a  brown  powder. 

Stannous  chloride  causes  no  discoloration  of  the 
fluid  to  take  place  in  aqua-regia  when  it  contains  no 
gold,  but  with  aqua-regia  containing  gold  it  causes 
an  immediate  dark  brownish  black  colouring,  the 
effect  of  the  change  being  similar  in  its  results  to 
that  produced  on  the  waste  colour  liquids  containing 
gold  in  solution. 

Ferrous  sulphate  in  aqua-regia,  free  of  gold,  turns 
the  liquid  a  black  colour  at  first,  but  this  quickly 
changes  to  a  mahogany  colour  which  remains 
stationary,  the  nitric  acid  in  the  mixture  convert- 
ing a  part  of  the  iron  salt  into  ferric  sulphate,  which 
gives  the  red  brown  tinge  to  the  liquid. 

Gold  precipitated  with  ferrous  sulphate  causes 
very  little  organic  sediment  to  fall  down  with  the 
gold  in  waste  colour  residues,  but  if  a  larger  quantity 
of  the  precipitant  has  been  used  than  is  necessary, 
and  a  portion  of  the  iron  in  the  copperas  salt  has 
become  oxidised  and  fallen  down  as  an  oxide  of  that 
metal,  due  to  the  chemical  action  of  the  nitric  acid 
or  other  causes,  it  will  intermingle  with  the  gold 
and  prove  an  obstacle  in  the  melting  of  the  product. 
The  iron  can,  however,  be  removed  by  a  method 
which  I  will  give,  without  interfering  with  either 
the  gold  or  silver.  The  copperas  solution  does  not 
reduce  the  chloride  of  silver  to  the  metallic  state. 
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Neither  will  the  oil  of  vitriol  pickle  employed  to 
dissolve  out  the  iron  from  the  gold.  But  if  a  few 
pieces  of  clean  sheet  zinc  are  used  along  with  the 
pickle  in  contact  with  the  silver  chloride  it  will  do 
so  by  the  hydrogen  evolved,  the  chloride  of  silver 
being  then  decomposed  and  converted  into  metallic 
silver,  and  sulphate  of  zinc  (ZnS04)  is  produced  in 
the  liquid  state.  To  remove  the  oxide  of  iron,  the 
precipitated  gold  is  subjected  to  the  action  of  the 
following  pickle,  after  all  the  liquid  standing  above 
it  has  been  carefully  syphoned  away  without  dis- 
turbing any  of  the  sediment. 

Sulphuric  acid  H2SO4)  .         .         1  oz.  or  1  pint 
Boiling  water  (HgO)       .         .         8  ozs.  or  1  gallon 

This  mixture  should  be  poured  over  the  precipi- 
tate in  sufficient  quantity  to  entirely  cover  it.  The 
water  must  be  boiling,  and  is  first  poured  into  the 
jar  holding  the  gold  sediment,  and  then  the  acid  is 
added  to  the  water  in  small  portions  at  a  time,  and 
great  care  will  have  to  be  taken  to  prevent  its  fly- 
ing about  and  injuring  the  person  in  charge  of  the 
operation,  as  its  scald  or  burn  will  destroy  almost 
everything  it  touches.  It  is  safest  to  add  the  oil  of 
vitriol  by  means  of  the  copper  boiling-out  pan,  taking 
hold  of  the  mouthpiece  with  a  long  pair  of  tongs, 
and  extending  them  to  their  full  length.  Do  not 
pour  the  acid  into  the  hot  water  all  at  once,  but 
very  gradually,  for  on  the  acid  first  coming  in 
contact  with  the  hot  water,  detonations  will  occur, 
but  as  you  proceed  with  the  pouring  in  the  explo- 
sions will  be  less  forcible  until  only  a  hissing  sound 
is  made,  at  which  stage  sufficient  acid  has  been 
added  to  the  water,  and  the  dissolving  of  the  iron 
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will  proceed  at  a  rapid  rate  until  it  has  all  become 
dissolved  into  the  water.  When  the  bubbles  of  gas 
cease  to  be  evolved,  and  the  liquid  has  cooled,  it 
may  be  drawn  off  with  the  syphon,  and  another 
addition  of  the  mixture  of  acid  and  water  put  on 
the  sediment,  if  the  iron  has  not  all  been  dissolved 
by  the  first  quantity.  The  iron  oxide  by  this 
method  is  converted  into  ferric  sulphate,  leaving 
the  solution  a  clear-tinted  liquid  of  varying  degrees 
of  brown,  according  to  the  amount  of  iron  that  has 
been  extracted  from  the  gold.  The  sediment  left 
after  this  operation  will  be  the  precious  metals,  and 
these  are  scraped  out  of  the  stoneware  jar  and  put 
into  the  iron  boiler  and  dried,  ready  for  melting 
into  a  solid  lump  by  means  of  the  reducing  flux 
before  mentioned.  The  contents  of  the  vessel,  after 
the  sulphuric  acid  mixture  has  been  added,  must  be 
well  stirred  to  bring  every  part  within  the  reach  of 
the  acid  mixture.  Sulphuric  acid  is  the  strongest 
of  the  three  mineral  acids,  and  has  a  much  greater 
affinity  for  metallic  oxides  than  either  nitric  acid  or 
hydrochloric  acid  has,  and  after  treating  waste 
colouring  precipitates  with  the  sulphuric  acid  pickle 
and  drying  the  products,  they  may  be  melted  down 
with  one-fifth  their  weight  of  soda-ash  alone  for  the 
flux,  as  there  will  then  be  no  iron  oxide  to  retard 
the  fusion,  and  this  flux  soon  liquefies  to  a  thin 
fluid,  which  then  permits  the  small  particles  jof  gold 
to  easily  pass  through  it  down  to  the  bottom  of  the 
crucible,  from  which  they  are  recovered  in  a  solid 
mass  without  any  further  trouble  or  difficulty  of 
any  kind. 

In  manufacturing  establishments  it  will  not  be 
necessary  to  adopt  all  of  these  methods  to  recover 
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the  gold  and  silver  in  their  metallic  form  from  waste 
colour  products,  for  if  the  former  directions  with 
regard  to  the  diluting  of  the  acid  mixtures,  the 
precipitation  of  the  gold,  the  drying  of  the  sedi- 
ment, and  the  melting  of  the  latter  by  means  of  a 
good  reducing  flux  are  carefully  complied  with,  all 
the  gold  and  silver  will  have  become  separated  from 
other  materials  and  found  in  a  single  button  of  solid 
metal  upon  the  bottom  of  the  crucible  after  cooling. 
Briefly  speaking,  the  various  steps  in  the  copperas 
process  may  be  summed  up  as  consisting  of  the 
following  operations : — 

(1)  The  preserving  of  the  colour  exhaust,  rinsings 
and  colour-pot  washings  in  a  separate  vessel. 

(2)  The  diluting  of  the  liquid  with  an  equal 
volume  of  water. 

(3)  The  precipitating  of  the  gold  with  a  strong, 
hot  solution  of  copperas  and  stirring  of  the  mixture. 

(4)  The  testing  of  the  clear  green  acid  water 
resulting,  by  means  of  a  special  test  liquid  of  tin 
chloride. 

(5)  The  syphoning  of  the  acid  water  as  com- 
pletely as  possible,  when  freed  from  all  the  liquid 
gold,  and  carefully  safeguarding  the  sediment  which 
settles  at  the  bottom  of  the  vessel. 

(6)  The  drying  and  burning  of  the  sediment  in  a 
small  boiler  furnace  of  cast-iron. 

(7)  The  pounding  and  sieving  of  the  product  to  a 
uniformly  fine  powder. 

(8)  The  melting  of  the  resultant  powder  by  means 
of  a  suitable  flux  into  a  button  of  gold. 

(9)  The  remelting  of  the  button  of  gold,  and  the 
pouring  of  it  into  an  ingot  mould,  ready  for  trial  by 
assay  with  the  view  of  sale. 
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The  acid  water  withdrawn  from  the  gold  sediment 
(if  these  directions  are  faithfully  performed)  con- 
tains nothing  of  value.  The  copper  and  iron,  and 
traces  of  other  metals,  should  they  be  present  in  the 
liquid,  may  be  thrown  away,  or  if  preferred,  the 
liquid  may  be  put  into  the  general  waste  water 
filtering  tube  for  further  treatment. 


CHAPTER  IV 

THE    ZINC    PROCESS 

The  principle  of  this  method,  which  is,  I  believe, 
new  to  the  jewellery  trade,  consists  of  the  fact  that 
metallic  zinc  is  an  excellent  agent  for  the  detection 
and  precipitation  of  gold  from  its  liquid  state  in 
acid  mixtures.  Zinc  can  therefore  be  used  with 
advantage  for  the  recovery  of  the  gold  from  the 
waste  liquids  resulting  from  the  process  of  colouring 
gold.  If  a  plate  of  zinc  is  immersed  in  these  pro- 
ducts, under  the  conditions  about  to  be  described, 
it  will  completely  precipitate  all  the  gold  existing 
therein,  and  leave  the  liquid  quite  clear  without  any 
colour  tint,  for  not  only  will  the  gold  be  "  thrown 
down  "  but  the  copper  as  well. 

The  liquid  colouring  waste  containing  the  gold, 
silver,  and  copper  is  put  into  a  stone  jar,  the  same 
as  described  under  the  "  copperas  process,"  but  in 
addition  it  has  a  cross-bar,  to  which  is  attached  a 
zinc  plate  (fig.  10).  The  solution  containing  the 
gold  should  be  diluted  with  at  least  twice  its  volume 
of  water,  after  the  old  colour,  rinsings  and  pot  wash- 
ings have  been  emptied  into  the  collecting  vessel. 
Large  or  small  quantities  of  liquid  may  be  treated 
with  equally  good  results  if  sufficiently  diluted,  for 

diluted  colour  and  its  auxiliaries  will  not  then  act 
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on  the  metallic  zinc  with  more  than  the  necessary 
energy,  as  it  is  not  owing  merely  to  the  dissolving 
of  the  zinc  that  the  gold  is  precipitated,  but  to  the 
evolving  of  "  nascent  hydrogen."  The  object  is  to 
expose  the  greatest  amount  of  surface  to  the  liquid 
as  is  required  to  reduce  the  gold  without  adding  too 
much  to  the  size  and  weight  of  the  zinc  plate  em- 
ployed, for  if  too  much 


zinc  were  made  use  of 
in  the  operation,  and 
the  liquid  consisted  of 
too  much  free  acid,  it 
would  act  to  disadvan- 
tage, for  the  zinc  would 
be  dissolved  out  of  all 
proportion  to  its  needs, 
causing  a  great  and 
unnecessary  fluffy  sedi- 
ment to  be  thrown  down 
with  the  gold,  with 
which    would    be    ulti- 


FiG.  10. — Stoneware  precipitating 
vessel. 


mately  formed  a  quantity  of  zinc  oxide  (ZnO),  to 
be  afterwards  dealt  with  in  reclaiming  the  gold. 
The  metallic  zinc  gives  the  best  results  in  the  form 
of  a  sheet,  and  the  gauge  size  may  be  about  that 
used  for  making  thick  gutter  spouting,  which  will 
expose  the  necessary  surface  to  the  action  of  the 
liquid  for  the  development  of  the  greatest  amount  of 
nascent  hydrogen.  Hydrogen  which  has  left  the 
generating  vessel  is  not  nearly  so  effective  in  the 
precipitation  of  metals  as  that  which  is  produced  in 
the  same  vessel  in  which  it  is  to  act.  This  is  ex- 
plained by  stating  that  "  nascent"  means,  beginning 
to  exist,  or  newly  horn,  in  which  state  it  is  much 
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more  vigorously  active.  By  bringing  metallic  zinc 
into  waste  colour  liquids,  properly  diluted,  the  free 
acid  immediately  begins  to  act  upon  the  zinc,  and 
though  ever  so  slightly,  it  causes  nascent  hydrogen 
gas  to  be  given  off,  one  equivalent  volume  combining 
with  one  equivalent  volume  of  chlorine  to  form 
hydrogen  chloride,  the  excess  of  hydrogen  rising  to 
the  surface  of  the  liquid  and  escapes,  while  the 
remaining  equivalent  volumes  of  chlorine  which 
assisted  in  holding  the  gold  and  copper  in  solution 
are  extracted  by  the  zinc  as  it  is  being  slowly  dis- 
solved (the  chloride  of  gold  and  copper  are  then 
decomposed  and  reduced  to  the  metallic  state),  and 
chloride  of  zinc  (ZnCl2)  is  produced ;  the  latter, 
which  is  a  very  soluble  salt,  remains  in  solution 
in  the  water  above  the  gold,  silver,  and  copper 
sediment. 

In  using  the  zinc,  it  is  not  necessary  that  the 
surfaces  should  be  clean,  as  tarnished  surfaces  pre- 
vent the  gold  depositing  upon  them,  and  the 
action  of  the  acid  liquid  does  the  work  of  presenting 
fresh  surfaces  to  the  influence  of  the  mixture.  The 
larger  is  the  volume  of  free  acid  in  the  liquid  re- 
sidues resulting  from  colouring  gold  the  more 
capable  is  it  of  dissolving  the  zinc,  and  the  larger 
must  be  the  quantity  of  added  water  to  save  the 
unnecessary  waste  of  zinc.  The  proportion  of  zinc 
used  need  not  be  very  exact  so  long  as  it  is  in  excess 
of  the  computed  amount  of  gold  in  the  solution.  It 
depends  more  on  the  amount  of  surface  exposed, 
and  to  the  very  gentle  development  of  hydrogen 
that  takes  place  over  the  whole  surface  to  bring 
about  the  more  successful  precipitation  of  the  gold. 
About  1  oz.  of  metallic  zinc  to  I  gallon  of  liquid, 
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after  being  diluted  with  water,  will  give  good 
results,  but  the  quantity  of  zinc  required  will  depend 
upon  the  amount  of  gold  present  in  the  liquid.  The 
best  and  most  simple  plan  will  be  to  suspend  in  the 
centre  of  the  vessel  from  a  cross-bar  a  large  piece  of 
sheet  zinc  reaching  nearly  to  the  bottom  of  the 
liquid,  and  let  it  remain  for  several  hours,  stirring 
occasionally  during  that  time  so  as  to  bring  fresh 
portions  of  the  liquid  in  contact  with  the  zinc  sheet. 
The  reactions  thus  set  up  within  the  liquid  will,  in 
a  satisfactory  manner,  completely  throw  down  all 
the  gold  and  copper  into  metallic  powders  in  a  few 
hours,  without  assistance  of  any  other  kind,  pro- 
viding the  liquid  is  not  too  strongly  acid  to  corrode 
the  zinc  unnecessarily  and  cause  it  to  be  dissolved 
too  quickly.  The  zinc  when  placed  in  the  colour 
liquid  first  turns  browny-black,  caused  by  the 
bubbles  of  hydrogen  gas  which  escape  from  its 
surface.  This  reaction  prevents  the  gold  from  de- 
positing upon  it,  and  these  effects  are  continued 
until  the  whole  of  the  gold  has  become  liberated 
from  the  liquid,  and  afterwards  until  the  zinc  is  all 
dissolved,  if  not  removed  from  the  vessel.  It  will 
not  be  advisable  to  let  the  zinc  remain  too  long  in 
the  solution  if  acted  upon  too  strongly,  as  too  much 
zinc  chloride  would  be  formed,  and  nothing  is  to  be 
gained  by  continuing  the  operation  longer  than  is 
required  to  effect  its  purpose ;  usually,  in  weak 
solutions,  a  day  or  a  night  is  ample  for  the  purpose. 
The  occasional  stirrings  should  not  be  neglected,  for 
this  greatly  facilitates  the  displacement  of  the 
metals  from  their  chemical  union  with  chlorine  in 
bringing  fresh  portions  of  the  liquid  to  react  on  the 
zinc  sheet,  and  more  hydrogen  gas  is  thereby  given 
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off  to  combine  with  its  equivalent  of  chlorine  and 
liberate  it  from  the  gold  and  copper,  to  form  in  the 
watery  liquid  dilute  hydrochloric  acid,  which  then 
being  unable  to  hold  the  gold  and  copper  in  solution, 
they  become  precipitated  as  metal.  This  acid 
readily  dissolves  the  zinc  into  the  solution,  and 
holds  it  in  the  form  of  liquid  zinc  chloride,  and  as 
the  action  progresses  the  hydrogen  which  is  being 
set  free  (l  part  only  combines  with  35 1  parts 
chlorine)  escapes  in  vaporous  fumes  in  an  invisible 
form,  the  chloride  of  zinc  taking  the  place  of  the 
gold  and  copper,  which  will  then  have  become  re- 
duced from  their  liquid  condition  to  metal.  The 
silver  is  already  at  the  bottom  of  the  receptacle  in 
which  this  operation  is  being  performed,  in  the  form 
of  silver  chloride,  it  having  been  reduced  to  that 
condition  by  the  chemical  reactions  set  up  during 
the  process  of  colouring  the  gold.  The  cause  of 
this  is  explained  in  treating  of  the  copperas  process. 
The  chloride  of  silver,  by  the  zinc  process,  may 
readily  be  reduced  to  metallic  silver  at  the  same 
time  that  the  precipitation  of  the  gold  and  copper 
is  taking  place,  by  putting  a  few  cuttings  or  scraps 
of  zinc  on  the  bottom  of  the  vessel  in  direct  contact 
with  the  silver  chloride,  when  the  act  of  conversion 
will  commence  at  once,  and  nascent  hydrogen  gas 
will  be  evolved,  which,  uniting  with  the  chlorine, 
withdraws  it  from  the  silver,  leaving  the  latter  in 
the  form  of  a  dark  grey  metallic  powder,  which  will 
remain  in  a  mass  at  the  bottom  of  the  vessel  in 
association  with  the  other  precipitating  metals 
which  are  at  the  same  time  leaving  the  liquid.  This 
operation  of  treating  the  silver  chloride  does  not 
require    any    further    attention     than    frequently 
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stirring  to  bring  the  scraps  of  zinc  in  contact  with 
fresh  portions  of  the  silver  chloride  (which  is  very 
small  in  quantity  in  these  waste  products)  to  cause 
the  development  of  sufficient  hydrogen  to  extract 
all  the  chlorine  from  the  silver,  for  it  is  owing  to 
the  nascent  hydrogen  which  is  being  set  free  by  the 
agency  of  the  metallic  zinc  that  possesses  the  pro- 
perty of  reducing  the  silver  chloride  to  the  metallic 
condition,  as  it  is  well  known  that  hydrochloric 
acid  consists  of  a  solution  of  hydrogen  and  chlorine 
gases  in  water,  and  when  zinc  is  brought  into  the 
presence  of  these  two  elements  in  solution  they 
become  decomposed  from  their  chemical  combina- 
tion ;  the  chlorine,  which  has  a  stronger  affinity  for 
zinc  than  for  hydrogen,  leaves  the  latter,  which 
then  escapes,  while  the  chlorine  unites  with  the 
zinc,  and  chloride  of  zinc  is  produced,  which  remains 
soluble  in  the  liquid  residue. 

The  precipitation  of  gold  and  other  metals  by 
means  of  zinc  shavings  and  zinc  dust  is  not  new  to 
commercial  enterprises,  as  it  has  been  used  in  gold 
mining,  in  connection  with  the  process  known  as 
the  "  cyanide  process,"  for  quite  a  long  time.  But 
the  principle  of  this  method  h  as  not,  it  is  believed, 
been  applied  to  the  recovery  of  gold  and  silver  from 
the  residuary  liquid  products  of  any  manufacturing 
branch  of  the  precious  metal  trades.  The  writer 
claims  the  right  as  to  the  inceptive  of  rendering 
the  system  completely  applicable  to  almost  all  the 
gold  and  silver  manufacturing  establishments,  for 
the  recovery  of  the  gold  and  silver  from  the  liquid 
residues,  accumulating  from,  and  as  a  result  of, 
the  different  working  operations.  To  many  it  is 
undoubtedly  known  that  zinc  will  precipitate  the 
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precious  metals,  but  they  have  been  unable  to 
provide  workers  in  those  metals  with  a  simple 
method  whereby  it  can  be  rendered  commercially 
successful,  therefore  such  knowledge  is  valueless  to 
the  commercial  business  man.  The  great  secret  of 
success  lies  in  the  fact  of  being  able,  not  only  to 
reclaim  the  precious  metals,  but  to  do  so  completely 
and  commercially  in  the  most  simple  manner 
possible.  It  is  the  knowledge  of  these  things  that 
makes  the  operations  of  some  practical  value,  less 
troublesome,  and  less  expensive  to  use,  by  being 
reduced  to  simple  working  form,  and,  on  the  details 
of  the  "  zinc  process "  being  carefully  attended  to 
at  the  commencement,  very  little  attention  is  after- 
wards required,  until  the  gold  has  all  been  pre- 
cipitated from  the  dark,  cloudy,  acid  water  with  which 
it  is  in  chemical  combination.  By  properly  regu- 
lating the  strength  of  the  gold  solution  so  as  to  act 
on  the  zinc  with  moderate  energy,  and  by  using 
sufficient  zinc  in  proportion  to  the  quantity  of  gold 
in  solution,  every  particle  of  the  latter  metal,  and 
also  the  copper,  will  be  thrown  down  into  the 
metallic  state.  The  resulting  liquid  will  then  have 
(after  standing  awhile)  the  appearance  of  clear  water 
without  any  tinge  of  colour  in  it. 

By  this  method  the  acid  water  standing  above 
the  precipitated  metals  should  be  tested  with  the 
chloride  of  tin  before  syphoning  or  pouring  ofi",  to 
make  sure  that  all  traces  of  gold  have  been  "  thrown 
down."  This  is  done  in  the  following  manner : 
After  the  zinc  plate  is  withdrawn  from  the  mixture, 
and  when  the  whole  of  the  precipitate  appears  to 
have  settled  to  the  bottom  of  the  vessel,  after 
standing  unmolested  for  a  time,  a  small  portion  is 
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drawn  off  with  the  pipette  (fig.  4)  and  put  into  the 
test  tube  (fig.  5)  for  examination  under  the  action 
of  a  few  drops  of  the  tin  chloride.  If  no  change 
of  colour  takes  place,  it  will  be  sufficient  proof  that 
the  whole  of  the  gold  has  been  thrown  down  ;  but  if 
any  change  of  colour  does  take  place,  not  excepting 
the  faintest  brown  colouring,  yet  no  subsidence  be 
produced,  it  will  indicate  the  presence  of  gold, 
and  the  zinc  plate  must  be  replaced  to  effect  the 
complete  precipitation  of  the  gold  still  remaining 
in  the  solution.  From  time  to  time  samples  should 
be  taken  from  the  solution  and  tested  for  gold,  and 
when  the  solution  appears  perfectly  clear,  and 
remains  so  after  the  tin  chloride  is  added,  the 
supernatant  water  can  with  safety  be  decanted  or 
syphoned  away  from  the  sediment,  for  it  will  be 
proof  positive  that  no  liquid  gold  is  then  remaining 
in  the  solution. 

Metallic  zinc  immersed  in  old  colour  liquids  pre- 
cipitates the  gold  and  also  the  copper  in  so  perfect 
a  manner  as  to  leave  a  clear  white  solution  for  a 
final  trial  to  be  taken  by  means  of  the  chloride  of 
tin  test.  No  gold  becomes  deposited  upon  the  zinc 
plate  in  liquids  impregnated  with  hydrochloric  acid, 
and  no  other  substance  is  required  to  prepare  such 
solutions  to  receive  the  zinc  plate.  The  only  atten- 
tion that  they  require  is  being  diluted  with  sufficient 
water  at  the  commencement,  to  avoid  the  zinc  plate 
being  too  forcibly  attacked  by  the  acid.  The  chloride 
of  zinc,  formed  in  the  solution  by  the  dissolving  of 
the  zinc  plate,  is  not  precipitated  by  protochloride 
of  tin,  which  being  more  dense,  readily  searches  the 
selected  sample  throughout  the  length  of  the  test 
tube,  without  any  chemical  reactions  being  set  up, 
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and  without  any  change  taking  place  in  the  colour 
of  the  fluid,  when  it  is  entirely  freed  from  gold. 

Chloride  of  zinc,  if  used  in  the  form  of  a  saturated 
solution  of  its  salt  will  not  precipitate  gold  from 
waste  colour  products,  because  there  is  then  no 
hydrogen  liberated,  no  chemical  change  takes  place, 
the  zinc  would  be  distributed  throughout  the  whole 
liquid  in  a  more  finely  divided  state,  thus  causing 
the  solution  of  zinc  chloride  to  be  the  less  saturated 
only  without  decomposing  the  gold. 

In  testing  with  protochloride  of  tin  a  clear  sample 
of  the  zinc-treated  colour  liquid,  when  the  quantity 
of  gold  is  very  minute  no  precipitate  will  be  per- 
ceptible for  some  hours,  and  you  will  have  to  be 
entirely  guided  by  the  change  in  the  colour  of  the 
liquid,  for  when  it  contains  gold  it  will  acquire  a 
red-brown  to  black  colour  immediately  on  becoming 
mixed  with  the  protochloride  of  tin  ;  the  lighter  is 
the  colour  produced  the  less  gold  there  will  be  in 
the  solution,  and  the  darker  is  the  colour  produced, 
the  more  gold  there  will  be  left  undecomposed  in 
the  liquid.  The  bulk  of  the  solution  will,  when  a 
change  of  colour  takes  place  in  the  selected  sample 
undergoing  examination,  require  further  treatment 
with  zinc,  otherwise  a  loss  of  gold  will  result,  through 
the  imperfect  precipitation  of  the  whole  of  the  gold 
from  the  liquid  in  the  stoneware  jar  by  means  of 
the  aforesaid  zinc  plate,  and  the  latter  will  require 
to  be  hung  in  again  for  some  time  longer  to  complete 
the  process. 

In  making  the  protochloride  of  tin  or  "  tin  salts," 
the  tin  should  be  granulated  by  melting  it  and 
pouring  it  into  cold  water  to  break  it  up  into  small 
fragments,  in  which  form  they  dissolve  more  readily, 
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the  water  being  stirred  in  a  circular  direction  during 
this  operation,  and  the  pouring  done  at  some  height 
above  the  surface  of  the  water ;  or  the  tin  may  be 
rolled  thin,  and  cut  into  small  pieces  to  expose  a 
larger  surface  to  the  action  of  the  acid.  The  tin 
should  be  dissolved  in  concentrated  hot  hydrochloric 
acid,  as  tin  does  not  readily  dissolve  in  dilute  hydro- 
chloric acid,  and  in  concentrated  cold  hydrochloric 
acid  the  action  is  slow.  It  is  of  importance  that 
this  liquid  should  be  of  the  right  composition  for 
gold-testing  purposes.  It  is  not  absolutely  necessary 
that  the  tin  should  be  in  excess  in  order  to  neutralise 
the  acid  exactly,  although  it  is  much  the  better  for 
it,  and  if  a  small  amount  of  tin  is  left  undissolved 
in  the  bottom  of  the  glass  flask  (fig.  6),  the  clear 
solution  should  be  poured  from  it,  and  the  liquid 
will  then  be  ready  for  use  if  it  presents  a  clear 
white  solution.  In  testing  selected  samples  of  acid 
liquids  with  this  fluid,  when  they  are  found  to 
contain  gold,  it  proves,  without  doubt,  the  whole  of 
the  chlorine  has  not  been  extracted  from  the  gold 
and  the  liquid  changed  into  a  difl'erent  compound 
mixture  to  the  original. 

The  theory  of  the  action  of  stannous  chloride 
SnCl2  (protochloride  of  tin)  is  that  it  has  the  power 
to  combine  with  excess  of  chlorine  to  form  stannic 
chloride  SnCl4  (perchloride  of  tin),  and  thus  rid  the 
gold  of  the  remaining  chlorine,  is  evidence  of  its 
delicacy  as  a  test  for  gold  in  solution.  Stannous 
chloride  has  also  a  great  affinity  for  oxygen  as  well 
as  chlorine,  and  owing  to  the  great  readiness  with 
which  it  combines  with  these  elements  (both  of 
which  exist  in  the  colour  liquid)  it  forms  a 
powerful  reducing  agent  for   gold   in   the   soluble 
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condition,  but  through  this  affinity  for  oxygen 
some  oxychloride  of  tin  is  formed,  which  in  vari- 
able quantities  becomes  mingled  with  the  gold  pre- 
cipitate, forming  purple  of  cassius,  which  consists 
essentially  of  metallic  gold  and  oxide  of  tin,  and 
the  change  in  the  colour  of  the  liquids  holding 
gold  in  solution  is  due  to  these  reactions.  A 
mixture  of  protochloride  of  tin  and  of  perchloride 
of  tin,  gives  a  purple  precipitate  of  stannic  oxide 
mixed  with  finely  divided  metallic  gold,  and  that 
is  one  reason,  the  expense  being  another,  why 
stannous  chloride  cannot  be  employed  with  advan- 
tage in  manufacturing  establishments  as  a  first 
means  to  remove  the  gold  from  liquid  residues  in 
which  the  gold  is  soluble,  as  too  much  tin  oxide 
would  be  thrown  down  with  the  gold;  but  as  a 
testing  agent  for  gold  it  is  superior  to  any  other 
known  substance  in  the  detection  of  the  minutest 
quantity.  Both  stannous  chloride  and  stannic 
chloride  in  solution  are  heavy  colourless  liquids 
readily  passing  through  lighter  solutions.  Gold 
being  a  feeble  base,  and,  unlike  most  common 
metals,  is  easily  separated  from  its  various  states 
of  combination ;  its  compounds  being  generally 
unstable,  and  are  speedily  decomposed  without  the 
assistance  of  complicated  and  high-toned  scientific 
operations. 

Sometimes  a  small  amount  of  the  gold  precipi- 
tated by  means  of  zinc  swims,  and  a  thin  film  of 
fine  gold  is  observed  to  float  upon  the  surface  of  the 
solution  in  the  metallic  state ;  when  this  is  the  case, 
the  bulk  of  the  acid  water  may  be  drawn  away 
without  its  being  lost,  or  even  disturbed  for  the 
matter  of  that,  for  by  carefully  placing  the  short 
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end  of  the  syphon,  or  the  end  of  the  rubber  tube, 
some  distance  beneath  the  top  layer,  the  water 
below  can  be  withdrawn  without  interfering  with 
the  layer  of  gold  at  the  top ;  then  as  the  water  is 
lowered  by  being  taken  out  of  the  vessel,  the  film  of 
gold  on  its  surface  will  sink  down  with  it,  and  when 
nearing  the  sediment  at  the  bottom  of  the  vessel 
the  whole  of  the  remaining  liquid,  together  with 
the  sediment,  may  be  thrown  upon  a  filter  of  calico 
stretched  on  a  wooden  frame,  or  placed  over  the 
meshes  of  a  cane-bottomed  riddle  ;  the  gold  and 
the  organic  substances  remain  upon  the  calico,  the 
liquid  only  passing  through  it,  or  a  rapid  agitation 
of  the  liquid  at  the  surface  only,  with  a  glass  or 
porcelain  rod,  will  cause  the  gold  film  to  break  up 
and  fall  to  the  bottom  of  the  receptacle  in  which  it 
is  being  treated.  Either  of  these  devices  can  be 
successfully  brought  into  use  when  dealing  with 
float-gold. 

In  precipitating  gold  by  means  of  metallic  zinc 
the  precipitate  will  appear  more  voluminous  than 
that  resulting  from  the  action  of  ferrous  sulphate, 
as  all  the  metallic  substances  in  the  liquid  will  be 
thrown  down  with  the  gold,  and  the  operation  will 
require  to  be  closely  watched  to  avoid  too  much 
zinc  getting  into  the  solution,  which  will  result  in 
a  light  spongy  substance  of  oxychloride  being 
formed,  and  this  settling  down  above  the  gold 
powder,  becomes  when  dried  in  the  boiler  furnace 
oxide  of  zinc,  and  a  product  is  thus  produced 
which,  besides  adulterating  the  gold,  increases 
the  mass  and  the  oxide  of  zinc  making  it  more 
difficult  to  melt,  and  a  larger  quantity  of  flux  is 
therefore  required  to  effect  a  clear  fusion.      It  is 
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true  the  light  fluffy  substance  could  all  be  washed 
away  from  the  gold,  but  some  gold  always  goes 
with  it  and  a  loss  is  incurred  by  the  process.  The 
washing  of  jewellers'  waste  products  is  bad  practice, 
and  it  is  not  to  be  recommended,  especially  to  those 
unacquainted  with  chemical  operations.  But  if  this 
method  is  preferred,  after  you  have  drawn  off"  what 
liquid  you  can  with  the  syphon  without  disturbing 
the  sediment  at  the  bottom  of  the  vessel,  for  this 
will  contain  the  gold,  add  three  or  four  saucepans- 
ful  of  boiling  water,  each  saucepanful  being  added 
separately,  and  allowed  to  cool  each  time  and  the 
water  carefully  syphoned  off;  this  will  clear  most 
of  the  light  fluffy  substance  away  from  the  more 
solid  sediment,  and  also  clear  it  of  any  free  acid 
and  chloride  of  zinc  crystals  that  may  have  formed 
and  separated  out  from  the  liquid  and  become 
mixed  with  the  gold,  if  the  point  of  saturation 
had  inadvertently  been  reached  in  the  process  of 
precipitation. 

By  another  method  both  the  oxides  of  copper 
and  zinc  may  be  removed  so  as  to  leave  only  the 
gold  and  silver  behind  in  the  operating  vessel. 
For  instance,  by  bringing  these  oxides  into  a 
strong  mixture  of  hydrochloric  acid  and  water 
both  chloride  of  copper  and  chloride  of  zinc  is 
formed,  each  combination  being  soluble  in  water 
may,  when  solution  is  effected,  be  drawn  off  the 
gold  and  silver  sediment  with  the  syphon  and 
thrown  away. 

The  residue  left  after  precipitating  with  metallic 
zinc,  contains  the  gold,  silver,  and  copper,  and  prob- 
ably some  oxide  of  zinc.  The  two  last  named 
substances  can  be   dissolved  away  from   the   gold 
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and  silver,  after  the  supernatant  liquid  has  been 
drawn  away  from  the  sediment,  by  means  of  the 
following  acid  mixture  : — 

Hydrochloric  acid  (HCl)        .         1  oz.  or  1  pint. 
Water  (HgO)         ...         4  ozs.  or  2  quarts. 

If  some  of  this  solution  (sufficient  for  the  work 
in  hand)  is  poured  over  the  precipitate  and  stirred, 
it  will  dissolve  out  the  copper,  and  also  other  base 
metals,  should  they  be  present  in  the  residue, 
without  affecting  the  gold  or  silver.      The  pickle 


FiQ.  11. — Dissolving  vessel  for  base  metals. 

must  be  used  boiling  hot  to  be  thoroughly  effective. 
The  precipitate  may  be  treated  more  conveniently 
if  it  is  removed  from  the  precipitation  jar  and  put 
into  an  enamelled  iron,  or  into  a  porcelain  or 
earthenware  vessel  of  a  shape  similar  to  illustration, 
fig.  11,  which  has  a  large  interior  surface  of  shallow 
depth,  so  as  to  enable  the  residue  to  be  spread  out 
well  over  the  bottom  for  the  acid  mixture  to  act 
to  the  best  advantage,  and  a  sufficient  quantity  of 
the  pickle  must  be  poured  over  the  precipitate  to 
entirely  cover  it.  There  will  be  no  danger  of  ex- 
plosive, detonations  occurring  in  using  this  mixture, 
like  those  previously  mentioned  in  describing  the 
sulphuric  acid  pickle,  and  it  can  be  mixed  (the  acid 
with  the  water)  before  adding  it  to  the  residue.  In 
due  proportion  to  the  impurities  in  the  sediment 
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will  the  effervescing  action  appear  visible  and 
bubbles  of  hydrogen  gas  arise.  (When  the  base 
metals  consist  of  metallic  oxides  no  hydrogen  is 
liberated  in  dissolving  in  HCl — the  hydrogen  com- 
bines with  the  oxygen  of  the  oxides  to  water,  and 
the  chlorine  with  the  metals  to  chlorides.)  When 
the  bubbles  of  gas  cease  to  be  evolved,  and  perfect 
quietness  exists,  the  liquid  is  poured  away  from  the 
sediment  remaining  through  the  lip  of  the  operating 
vessel.  If  it  is  suspected  that  any  base  metal  is  left 
undissolved,  a  fresh  portion  of  the  acid  mixture 
must  be  added,  and  the  sediment  gently  stirred 
with  a  glass  or  porcelain  stirrer,  when,  if  no  further 
bubbles  are  perceived  after  this  addition,  the  opera- 
tion of  removing  the  base  metals  is  completed,  and 
the  sediment  may  be  put  into  the  boiler  furnace 
and  dried  of  all  moisture,  at  which  stage  it  is  ready 
for  melting  into  a  solid  lump  by  means  of  a  good 
reducing  flux.  The  best  flux  for  this  purpose  (when 
the  base  metals  have  been  dissolved  out)  is  soda-ash, 
in  the  proportion  of  2  ozs.  of  the  salt  to  each  10  ozs. 
of  the  powdery  residue.  But  when  the  precipitate 
is  dried  and  burnt  direct  from  the  precipitating  jar, 
with  all  its  organic  and  metallic  impurities,  this  is 
not  the  best  flux  to  use,  particularly  by  itself.  The 
burnt  powder  will  then  require  two-fifths  to  one-half 
its  weight  of  flux  to  efi'ect  a  thorough  fusion,  and 
the  following  formula  for  gold  reduced  by  the  zinc 
process  will  prove  excellent : — 

Waste  colour  residue     .         .         .10  ozs.  or  100  ozs. 
Bisulphate  of  potassium  (KHSO4)  3    „     „     30    ,, 

Common  salt  (NaCl)      .         .         .         1  oz.    „     10    „ 

There  are  other  fluxes  which  may  be  used  for 
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reducing  and  recovering  the  gold  from  "  wet  colour" 
precipitates,  but  I  have  found  none  so  eflfective  as 
those  I  have  named,  in  dealing  with  the  products 
resulting  from  the  two  processes  under  considera- 
tion. The  bisulphate  of  potash,  commonly  called 
salenixon,  is  a  flux  of  great  power  capable  of  search- 
ing through  the  most  refractory  substances,  and 
will  melt  almost  anything  ;  it  has  solvent  properties 
for  metallic  oxides,  such  as  iron,  zinc,  and  all  the 
base  metals,  and  it  forms  with  the  common  salt, 
when  melted  together,  a  thin  fluid  through  which 
the  gold  readily  passes  to  the  bottom  of  the  crucible, 
no  shots  being  left  behind  in  the  flux  ;  the  common 
salt  is  the  best  flux  for  oxide  of  zinc,  as  it  converts 
it  into  chloride  of  zinc,  and  it  is  then  retained  in 
the  liquid  state  ;  and  both  fluxes  are  inexpensive  to 
use,  a  property  adding  further  to  the  value  of  the 
mixture.  The  action  of  this  flux  is  very  energetic, 
all  the  common  metals  being  attacked  by  it,  but  the 
crucible  should  not  be  more  than  three-fourths  filled 
with  the  product  at  first,  because  the  sulphurous 
acid  which  is  given  ofi"  might  cause  the  fusing  mass 
to  overflow  the  sides  of  the  crucible  if  filled  to  the 
top,  although  both  salts  possess  counteracting 
properties  to  the  boiling  up  action. 

The  zinc  process,  which  is  purely  one  of  hydro- 
genation,  is  based  upon  the  readiness  with  which 
hydrogen  in  the  "  nascent "  state,  that  is,  at  the 
moment  of  its  commencing  to  be  produced,  attacks 
the  chlorine,  in  which  state  it  has  a  far  greater 
combining  capacity  for  that  element  than  when 
generated  by  the  ordinary  chemical  methods. 
Hydrogen,  even  more  than  oxygen,  is  practically 
insoluble  in  water,  which  does  not  appear  capable 
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of  dissolving  more  than  about  2  per  cent,  of  its 
volume  of  the  gas. 

As  the  colour  liquid  has  usually  an  excess  of  acid, 
and  as  no  precipitate  of  gold  takes  place  until  all 
the  free  acid  is  neutralised,  which  causes  a  consider- 
able loss  to  the  weight  of  zinc,  there  will  always  be 
found  in  the  liquid  a  quantity  of  zinc  chloride  ;  but 
by  previously  diluting  the  colour  liquid  with  twice 
its  volume  of  water  this  compound  is  not  so  largely 
formed,  for  the  solution  is  then  made  much  weaker, 
and  the  free  acid  being  in  a  measure  sufficiently 
neutralised  to  present  the  condition  which  better 
serves  for  the  evolution  of  nascent  hydrogen  gas 
(H2)  and  the  elimination  of  the  chlorine  (CI)  from 
the  gold  by  the  zinc,  for  which  it  has  a  greater  com- 
bining capacity,  and,  by  these  two  elements  thus 
uniting,  the  gold  leaves  its  associate  and  returns  to 
the  metallic  state,  a  higher  attractive  force  for  the 
chlorine  than  that  of  the  gold  which  is  in  union 
with  it  is  being  set  up,  which  causes  the  chlorine  to 
leave  the  gold  it  was  originally  combined  with  to  com- 
bine with  the  zinc,  as  it  is  being  gradually  dissolved 
without  unnecessary  waste  into  the  watery  mixture, 
if  the  fundamental  principles  are  complied  with. 

The  zinc  process  for  the  reduction  oi  the  gold 
and  copper  is  based  upon  the  fact  of  the  electrolytic 
action  which  takes  place  between  the  acids  and  the 
metals  in  solution  and  the  one  introduced  in  the 
metallic  form,  whereby  a  chemical  change  or  simple 
displacement  of  the  metals  is  effected.  If  you  take 
into  account  the  silver,  which  is  always  to  be  found 
in  the  form  of  chloride  at  the  bottom  of  the  vessel 
in  liquid  colour  wastes,  the  substances  used  and 
produced  may  be  thus  expressed  : 
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Substances  Employed. 

AuClg    +       AgCl    +       CuCLj     +        3Zn 

Gold  Silver  Cupric  Zinc 

chloride  chloride  chloride  metallic 

Substances  Produced. 

SZnClg    +        Cu       +  Ag        +  Au 

Zinc  Copper  Silver  Gold 

chloride  metallic  metallic  metallic 

Gold  is  precipitated  from  colour  water  by  other 
substances  than  the  two  I  have  named,  but  none  of 
them  are  the  equal  to  the  "  copperas  process"  which 
has  held  its  own  and  foremost  place  for  some  con- 
siderable time,  and  is  likely  to  do  so  in  the  future, 
as  it  is  simple  to  operate,  clears  the  solutions  of  all 
cloudiness,  is  economical,  and  thoroughly  effective 
in  recovering  the  last  atom  of  gold.  While  claim- 
ing the  second  place  for  the  zinc  or  "  hydrogen 
process  "  which,  with  a  little  practical  experience  in 
its  management,  will  be  found  to  be  nearly  the 
equal  of  the  former  in  every  way,  so  far  as  regards 
the  principles  of  simplicity,  the  low  cost  of  recover- 
ing the  gold,  the  freedom  from  objectionable  features, 
and  the  easy  method  of  working,  should  commend 
the  process  to  the  notice  of  precious  metal  workers 
in  reclaiming  the  gold  and  silver  from  their  waste 
liquids,  for  it  will  be  found  to  consist  of  all  the 
virtues  claimed  for  it,  namely,  that  of  a  powerful 
operating  agent  for  extracting  gold  and  silver  from 
solution. 

I  will  now  enumerate  in   a  summary  form  the 
various  operations  appertaining  to  the  zinc  process  : 

(1)  The  pouring  of  the  exhausted  colouring  mix- 
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tures,    rinsing    waters,    and    pot    swillings   into   a 
stoneware  jar  kept  specially  for  the  purpose. 

(2)  The  dilution  of  the  liquid  with  twice  its 
volume  of  water. 

(3)  The  precipitation  of  the  gold  and  copper  by- 
means  of  a  sheet  of  metallic  zinc  (about  1  oz.  to  the 
gallon)  with  an  occasional  stirring  of  the  solution. 

(4)  The  testing  of  the  clear  white  liquid  resulting 
with  protochloride  of  tin  solution. 

(5)  The  removal  of  the  clear  acid  water  as  near 
to  the  precipitated  metals  as  possible. 

(6)  The  drying  and  burning  of  the  precipitate  to 
a  uniformly  fine  powder. 

(7)  The  mixing  of  the  powder  resulting  with  the 
reducing  flux,  also  in  a  powder,  and  the  melting  of 
the  mixture  into  a  metallic  button. 

(8)  The  remelting  and  casting  of  the  button 
into  the  form  of  a  bar  for  sale  to  the  highest 
bidder. 

Having  now  described  the  general  principles 
of  these  two  processes,  which  my  practical  experi- 
ence and  researches  have  enabled  me  to  put  to  a 
series  of  tests  with  the  view  of  establishing  easy 
working  methods  for  the  complete  recovery  of  the 
gold  and  silver  from  muddy  acid  liquids,  that  may 
be  successfully  used  by  anybody  with  a  modicum 
of  ability  engaged  in  manufacturing  articles  that 
are  required  to  undergo  the  chemical  process 
known  in  the  trade  as  "  gold  colouring."  I  have 
entered  at  considerable  length  into  all  the  details 
connected  with  this  subject  commercially,  without 
bringing  into  the  narrative  the  numerous  theories 
that  have  been  advanced  from  time  to  time,  as  to 
the  best  methods  for  recovering  the  gold  from  the 
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dark  murky  acid  liquids  resulting  from  manufactur- 
ing processes  in  the  precious  metal  trades. 

A  brief  reference  to  the  more  commonly  advised 
methods,  however,  ought  to  be  given  alongside 
those  I  have  introduced,  and  I  will  next  proceed  to 
give  one  or  two  distinct  projects  of  other  auth- 
orities with  my  criticisms  thereon,  which  will  be 
sufficient,  I  feel,  for  the  purpose  of  describing  the 
different  modes  of  recovering  the  gold  from  the 
waste  liquids  resulting  from  wet-colouring. 

In  giving  an  outline  of  the  several  methods 
introduced  by  scientific  men  for  the  extraction  of 
the  precious  metals  from  these  liquid  wastes  of 
goldsmiths  and  other  workers  in  those  metals,  it 
is  only  fair  that  the  views  of  such  persons  should 
receive  due  respect  and  consideration  ;  but  notwith- 
standing the  superior  training  received  from  a 
thorough  course  of  chemical  and  scientific  study 
in  the  laboratory,  such  advice  has  not  always  given 
satisfactory  results  in  the  workshop,  through  the 
omission  of  some  simple,  though  most  important, 
detail  necessary  in  practical  operations  ;  and  this  is 
not  to  be  wondered  at  when  unacquainted  with 
a  knowledge  of  workshop  practice  in  large  manu- 
facturing establishments,  for  possession  of  this 
knowledge  is  quite  as  essential  as  that  of  the  arts 
and  sciences,  if  not  more  so,  to  achieve  commercial 
successes  in  a  speedy  and  satisfactory  manner 
in  business  enterprises.  The  waste  problem  has 
hitherto  proved  very  difficult  of  solution,  even  to 
the  practised  eyes  of  the  most  experienced  and 
intelligent  workman,  but  I  trust  when  these  articles 
are  read  and  well  digested,  something  really 
serviceable  will  have  been  established  to  minimise 
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the  enormous  losses  resulting  through  the  ineffec- 
tive treatment  of  waste  liquids  appertaining  to 
the  manufacture  of  jewellery.  The  first  of  these 
methods,  which  has  been  much  extolled  by  some, 
may  be  mentioned  by  name  as  the  old  iron  binding- 
wire  process. 


CHAPTER  V 

THE   OLD   IRON   BINDING-WIRE   PROCESS 

It  consists  in  hanging  in  the  waste  colour  liquid 
a  matte  of  used-up  old  pieces  of  iron  binding-wire. 
The  liquid  is  to  be  undiluted,  and  it  is  stated  the 
reactions  evolved  within  the  vessel  will  precipitate 
all  the  gold  from  the  liquor.  Then,  to  test  if  all 
the  gold  has  been  thrown  down,  withdraw  a  portion 
of  the  fluid  into  two  jugs,  and  add  some  sulphate 
of  iron.  If  this  causes  a  cloudiness  to  appear, 
traces  of  gold  are  still  left  in  the  liquid,  and  a  small 
handful — about  -^  of  a  lb. — of  sulphate  of  iron  is  to 
be  added  to  each  gallon  of  the  old  colour  to  pre- 
cipitate the  remaining  gold.  Then  we  are  told  that 
the  gold  in  the  liquid  exists  in  the  mechanical  state 
as  well  as  in  the  chemical  state. 

Comments  and  Criticism  of  this  Method 

In  order  to  obtain  a  clear  idea  of  the  above- 
named  process  for  the  reduction  of  chloride  of 
gold  from  old  colour  liquid  by  waste  iron  binding- 
wire  to  metallic  gold,  several  important  facts  will 
have  to  be  taken  into  consideration,  which,  when 
thoroughly  inquired  into,  will  tend  to  show  that 

the  process  is  not  only  slow,  but  far  from  good 
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practice.  Firstly,  it  is  very  inferior  to  the  method 
of  employing  freshly  prepared  sheet  zinc  instead 
of  a  matte  of  partly  oxidised  iron,  for  solid  metallic 
iron  is  slow  to  dissolve,  partly  through  the  acid 
liquid  being  nearly  rendered  neutral  to  it  by  the 
process  of  colouring  the  gold,  which  causes  the 
iron  to  be  less  attacked,  and  insufficient  hydrogen 
gas  is  therefore  given  off  to  combine  with  the 
chlorine  to  dissolve  the  iron  and  liberate  the  gold. 
Secondly,  the  old  iron  binding-wire  is  oxidised  to 
ferrous  oxide  (FeO)  on  the  surface,  through  the 
numerous  heatings  to  a  red-heat  it  has  received 
by  being  used  in  tying  together  sundry  parts  of 
articles  which  have  to  undergo  the  hard-soldering 
process,  and  in  dissolving  this  oxide  in  hydrochloric 
acid  and  free  chlorine  (the  chief  constituents  of 
colouring  mixtures)  no  hydrogen  is  liberated  from 
it,  because  the  hydrogen  of  the  acid  firstly  com- 
bines with  the  oxygen  of  the  iron  oxide  to  form 
water  in  the  solution,  and  this,  when  dissolved, 
does  not  precipitate  any  gold.  No  hydrogen  is 
being  liberated  from  the  iron  matte  until  the  whole 
of  the  oxide  is  dissolved  away.  And  if  the  nitric 
acid  in  the  mixture  is  not  neutralised  by  the  other 
ingredient  in  the  solution,  more  iron  is  oxidised  to 
the  condition  corresponding  to  ferric  oxide  (Fe208), 
and  this  does  not  precipitate  any  gold  either ;  it 
will  only  contaminate  the  precipitate  formed  with 
oxide  of  iron.  It  will  be  made  apparent  that  the 
iron  binding-wire  process  is  too  slow  and  uncertain 
in  its  action  to  be  eminently  satisfactory  in  its 
workings  to  meet  the  requirements  of  jewellers,  for 
there  is  more  information  coming.  The  iron  matte 
system   makes   the   liquid   in   concentrated   colour 
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waste  turn  to  an  inky  black  colour,  from  which 
it  is  very  reluctant  to  change,  and  you  have  to  add 
a  quantity  of  hydrochloric  acid  to  the  bulk  of 
solution  to  attack  the  iron  more  forcibly  if  you 
require  the  operation  to  be  finished  in  anything 
like  a  reasonable  time,  as  the  iron  is  only  feebly 
attacked  by  the  old  colour  liquid.  The  solution 
appears,  when  samples  are  withdrawn  for  testing, 
too  dense  and  cloudy  for  a  test  precipitant  to  be 
used,  such  as  sulphate  of  iron  even,  which  has  been 
recommended,  for  the  latter  will  not  traverse 
through  the  liquid,  but  remains  as  a  layer  at  the 
top  of  the  sample  to  be  tested  when  it  is  added 
to  it.  In  testing  sample  liquids  stirring  should  not 
he  done. 

In  this  formula  it  will  be  noticed  that  a  portion 
of  the  iron  matte  treated  liquid  is  recommended  to 
be  withdrawn  into  two  jugs  (why  two  jugs  ?),  and 
some  sulphate  of  iron  added,  about  :J  of  a  lb.  per 
gallon,  if  a  cloudiness  (it  will  be  already  cloudy) 
is  produced  on  first  testing  with  a  little  of  the 
sulphate  of  iron  liquid.  Now,  this  quantity  of 
copperas  salt  should  be  more  than  sufficient  to 
clear  the  solution  and  precipitate  all  the  gold  out 
of  a  gallon  of  the  strongest  mixtures  of  old  colour 
waste  by  itself,  and  that  alone  makes  it  appear  that 
the  iron  matte  was  in  a  degree  inefi"ectual  in 
extracting  the  gold,  and  that  view  is  in  accordance 
with  my  experience  and  experimental  researches 
with  the  subject  of  the  old  binding- wire  method. 

Iron  binding-wire  will  not  satisfactorily  pre- 
cipitate gold  from  colour  waste  to  meet  the  re- 
quirements of  manufacturers  engaged  in  industrial 
concerns   for  the  purposes  of  profit,  for  the  iron 
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turns  the  liquid  a  very  dark  colour,  and  ultimately 
to  black.  The  iron  wire  does  not,  of  itself,  clear 
the  solution  sufficiently  for  any  distinguishing  test 
for  gold  to  be  taken,  the  liquid  remaining  per- 
manently a  cloudy  colour  throughout. 

If,  on  the  other  hand,  too  much  iron  oxide  is 
formed  in  the  mixture  you  cannot  get  past  a  red- 
dish-brown tinge  of  colour  which  that  substance 
imparts  to  waste  colour  liquids. 

Protochloride  of  tin  will,  if  a  large  quantity  is 
used,  ultimately  clear  the  liquid  sample  of  its  black 
colour,  by  changing  it  to  a  bright  olive-brown  colour, 
but  it  takes  considerable  time  (some  days)  for  the 
clearing  to  be  effected,  and  no  distinguishing  char- 
acteristics peculiar  to  gold  can  be  observed  during 
the  change,  and  the  resulting  sediment  will  be 
supercharged  with  oxide  of  tin  by  the  addition  of 
the  tin  salt. 

Protosulphate  of  iron  will  clear  the  liquid,  result- 
ing from  the  iron  matte  method,  in  a  satisfactory 
way,  if  a  sufficient  quantity  is  employed  for  the 
purpose,  but  if  this  salt  is  required  to  complete  the 
work  of  reducing  the  gold,  why  make  use  of  the 
iron  matte  at  all  ?  The  final  results  of  my  investi- 
gations into  the  method  of  the  iron  binding-wire 
reduction  of  gold  may  be  summed  up  in  a  few 
words,  namely,  that  the  process  is  unsatisfactory 
and  troublesome  to  an  eminent  degree,  involving  as 
it  does  extra  time,  expense,  and  labour,  with  indif- 
ferent results,  and  is  one  more  of  detriment  than  of 
success  to  the  recovery  of  the  gold,  and  especially 
is  it  so  if  undertaken  by  inexperienced  persons,  as 
no  distinctive  indication  is  shown  when  the  gold 
has  all  been  thrown  down. 
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The  second  method  is  one  prescribed  for  a  large 
firm  of  manufacturing  jewellers,  with  whom  I  am 
intimately  acquainted,  by  a  metallurgical  chemist 
and  public  analyst.  To  give  it  a  distinguishing 
name  I  will  call  it  the  complex  method. 


CHAPTER  VI 

THE   COMPLEX   PROCESS 

The  firm  to  which  reference  is  made  were  losing  a 
very  large  quantity  of  gold  through  the  bad  treat- 
ment of  their  waste  colour  liquid,  when  it  was,  after 
duly  considering  the  matter,  decided  to  seek  the 
advice  of  a  scientist,  and  the  first  instructions  which 
were  received  not  proving  satisfactory,  another  appli- 
cation was  made  for  further  advice  to  enable  the 
firm  to  overcome  the  difficulty.  The  following  in- 
formation was  then  given  : — 

"  I  now  confirm  my  telephone  message  re  the 
waste  colour  water.  My  assay  of  the  partly  treated 
sample  you  sent  me  a  few  days  ago  shows  that  it 
still  contains  34  grs.  of  gold  per  gallon.  Certain  in- 
dications made  apparent  since  you  have  added  the 
lead  salt  I  advised,  lead  me  to  conclude  that  the 
best  method  for  you  to  adopt  now  is,  to  add  scrap 
zinc  to  the  clear  solution  of  your  wash  water  until 
it  loses  all  its  yellowish  colour.  You  can  test  a 
portion  after  treatment  with  zinc  as  follows  for 
gold :  Take  some  of  the  liquid  that  appears  by  you 
to  have  lost  its  yellow  colour  and  place  in  a  clear 
glass  vessel.  Add  some  sodium  sulphite  and  a  little 
sulphuric  acid,  and  warm  gently.  Should  a  pre- 
cipitate   appear   it   means    that    the    gold   is   not 
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all  removed  and  requires  further  treatmeHt  with 
zinc." 

This  formula,  after  having  some  time  spent  on 
it  in  patient  endeavours  to  effect  a  solution  of  the 
difficulty  by  a  member  of  the  firm  (quite  capable  of 
performing  the  operation),  without  any  satisfactory 
results  being  obtained,  was  discontinued.  Then 
I  was  consulted  in  the  matter.  The  gentleman 
brought  with  him  a  pint  of  the  black  muddy  liquid, 
and  also  the  original  letter  of  instructions,  which 
I  asked  permission  to  retain.  I  then  requested  my 
client  to  call  again  in  an  hour,  in  which  time  I 
would  have  the  gold  separated  from  the  liquid,  and 
at  the  end  of  that  time  I  was  quite  prepared  with  a 
solution  of  the  difficulty,  having  separated  the  gold 
in  less  time.  For  when  he  again  called  I  showed 
him  the  gold  in  a  sediment  at  the  bottom  of  the 
vessel,  with  the  liquid  quite  clear  standing  above  it, 
and  it  is  needless  to  say  he  was  quite  surprised,  I 
then,  in  his  presence,  tested  the  supernatant  water 
standing  above  the  precipitated  gold  with  chloride 
of  tin,  to  show  that  there  was  no  gold  left  in  the 
liquid.  The  tin  chloride  produced  not  the  least 
change  in  the  colour  of  the  fluid  after  I  had  separ- 
ated from  it  the  gold. 

This  is  what  I  did  with  the  black  liquid  brought 
to  me ;  after  having  poured  it  into  a  large  basin, 
and  diluted  it  with  an  equal  volume  of  water,  I  next 
dissolved  8  dwts.  of  copperas  in  2  ozs.  of  boiling 
water  and  added  this  to  the  bulk  of  solution  with 
gentle  stirring,  and  then  let  it  stand  for  a  time  for 
the  gold  to  fall  down  to  the  bottom  of  the  vessel. 
Every  particle  of  gold  was  in  that  simple  manner 
extracted  from  the  black  liquid.     This  jeweller  has 
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since  informed  me  that  in  the  four  following  months 
after  adopting  my  method  he  recovered  £75  worth 
of  gold  from  his  waste  colour  liquid  alone,  whereas 
in  any  previous  four  months  it  had  not  exceeded 
£25,  and  I  may  mention  that  I  had  the  privilege  of 
seeing  the  button  of  gold  that  realised  the  larger 
amount.  ' 

Comments  and  Criticism  of  this  Method 

The  reduction  of  gold  from  murky  acid  solutions 
by  means  of  lead  salts  in  manufacturing  establish- 
ments is  impossible  of  satisfactory  results,  and  as 
lead  has  but  few  soluble  salts,  of  which  the  nitrate, 
the  acetate,  and  the  cyanide  are  the  principal,  it 
must  be  taken  as  a  practical  fact  that  neither  of 
these  salts  are  eligible  as  precipitating  agents  for  the 
reduction  of  gold  to  the  metallic  state  from  its 
soluble  condition  in  liquid  colour  waste,  and  I  need 
not  go  over  the  same  ground  again  in  explaining 
the  reasons  why  this  is  so,  particularly  after  having 
so  fully  described  the  chemical  reactions  required  to 
effect  the  complete  reduction  of  the  gold  from  acid 
liquids,  and  the  most  useful  substances  to  employ 
for  that  purpose.  Suffice  it  to  say,  that  all  the 
likely  salts  of  lead  thicken  the  solution  to  be  treated 
after  being  added  thereto,  and  render  it  so  dark 
and  cloudy  that  it  would  be  difficult,  even  for  the 
most  expert,  to  decide  whether  the  liquid  has  been 
purged  of  its  gold  or  not,  and  a  great  quantity  of 
lead  oxychloride  is  caused  to  accumulate  in  the 
vessel,  and  this  is  objectionable  when  the  gold  has 
to  be  melted,  although  it  takes  less  flux  in  pro- 
portion to  its  bulk  to  cause  it  to  melt  as  the  lead 
assists  the  fusion,  but  it  produces  an  impurer  gold 
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when  lead  salts  are  used,  as  the  precipitated  gold  is 
more  or  less  contaminated  by  them  in  the  form  of 
oxides  when  the  sediment  is  dried,  as  that  operation 
liberates  the  chlorine,  and  to  remove  the  lead,  if  so 
desired  before  melting  the  gold,  the  whole  sediment 
will  require  digestion  in  dilute  nitric  acid  (HNO3), 
which  will  dissolve  any  excess  of  these  oxides, 
leaving  the  gold  unchanged.  Solutions  of  either  of 
the  lead  salts  above  named  have  their  lead  pre- 
cipitated in  coming  into  strong  "  colour  liquid,"  as 
heavy  powders  of  lead  oxychlorides  (PbCl2).  On, 
however,  heating  the  solution — an  operation  un- 
fitted to  the  workshop — the  oxychlorides  dissolve, 
but  again  precipitate  as  the  liquid  subsequently 
cools.  If  lead  peroxide  (Pb02)  is  dissolved  in  hot 
diluted  hydrochloric  acid,  lead  chloride  is  produced, 
which,  on  adding  it  to  old  colour  liquid,  causes  a 
portion  of  the  chlorine  to  be  liberated  from  the 
gold  and  some  of  the  latter  to  fall  down,  though 
not  all  of  it.  Peroxide  of  lead  cannot  be  dissolved 
in  water  unless  a  large  excess  of  hydrochloric  acid 
is  added.  The  supernatant  liquid  standing  above 
any  precipitates  which  the  lead  salts  may  have 
produced  will  still  contain  gold  in  solution,  as 
evidenced  by  the  assay  report  of  the  scientist 
appearing  on  page  68,  and  also  of  my  own  ex- 
perience as  the  results  of  experimenting  with 
several  of  these  substances.  It  is  advised  in  the 
report,  after  the  lead  salt  has  been  added,  when  the 
result  is  not  as  expected,  to  add  scrap  zinc  to  the 
clear  solution  (the  solution  will  not  be  clear)  of  the 
waste  water  until  it  loses  all  its  vellowish  colour 
(there  never  is  any  yellowish  colour  in  colour 
waste).     Then  the  advice  as  to  testing  the  solution 
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from  which  the  gold  is  supposed  to  have  been 
thrown  down,  with  sodium  sulphite  and  sulphuric 
acid,  is  equally  absurd,  for  sodium  sulphite  would 
cause  effervescence  and  discoloration  of  the  liquid 
selected  for  sampling,  and  the  sulphuric  acid  would 
add  further  fuel  to  the  fire,  and  provide  no  safe 
means  whatever  to  guide  the  operative  workman  in 
his  task  of  satisfactorily  accounting  to  his  employer 
for  the  uttermost  amount  possible  of  gold  that  can 
be  reclaimed  from  those  liquid  wastes — in  short, 
the  lead  method  is  thoroughly  useless,  and  im- 
practicable in  the.  workshop. 

The  tests  for  the  reduction  of  gold  most  easily 
applied  by  persons  in  factories,  and  unaccustomed  to 
chemical  manipulations,  will  be  by  those  of  sulphate 
of  iron  and  metallic  zinc. 

The  chief  merits  of  the  two  processes  I  have 
advised,  and  described  at  some  length,  are  their 
simplicity,  their  absolute  freedom  from  any  diffi- 
culties, their  certainty  of  effecting  the  recovery  of 
the  whole  of  the  gold  and  silver,  and  the  easy 
manner  by  which  the  -processes  can  be  put  into 
action;  no  expensive  jars,  chemicals,  and  other 
utensils  being  at  all  required  in  carrying  out  the 
operations  to  a  thoroughly  successful  issue. 

Of  all  the  precipitating  substances  the  solution  of 
sulphate  of  iron  is  the  most  immediate  in  its  results, 
it  is  cheap,  and  is  generally  readily  procured.  Its 
employment,  however,  requires  a  certain  amount 
of  precaution ;  otherwise  portions  of  iron  may  be 
thrown  down  from  the  sulphate  of  iron  solution, 
and  becoming  mingled  with  the  deposited  gold  may 
introduce  difficulties  into  the  operation  and  confuse 
the  final  result.     But  in  old  colour  waste  by  means 
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of  the  hydrocliloric  acid  existing  therein,  and  with 
careful  manipulation,  every  portion  of  the  iron 
should  be  retained  in  solution,  and  the  gold  per- 
mitted to  fall  down  alone. 

Another  formula  which  I  have  found  very  effectual 
in  melting  the  substance  precipitated  by  metallic 
zinc,  when  it  contains  much  oxide  of  zinc — oxide 
of  zinc  is  very  infusible — is  the  following  : — 

Waste  colour  residue  .  .10  ozs,  or  100  ozs. 

Soda-ash  (NagCOg)  .  .       3    „     „    30   „ 

Common  salt  (NaCl)  .  .       1  oz.     „     10   ,, 

Fluor  spar  (CaFg).   .  .  .       1   „      „     10    „ 

Melt  the  gold  residue  with  this  flux  in  a  clay 
crucible  of  the  kind  before  mentioned,  the  fusion 
being  continued  until  it  ceases  to  froth.  The  whole 
mass  is  then  stirred  with  a  thin  iron  rod,  and  after 
the  crucible  is  withdrawn  from  the  fire  and  allowed 
to  cool,  and,  when  broken,  the  gold  will  be  found 
underneath  the  slag  in  a  metallic  button.  This 
quantity  of  flux  is  usually  sufficient  to  give  a  clear 
fusion  of  melted  metal  from  unwashed  precipitates. 

If  in  carrying  out  the  instructions — recapitulated 
in  the  synopsis  of  each  process — complete  success 
does  not  always  follow  the  efforts  of  the  operative 
engaged  in  the  work,  do  not  at  once  put  the  fault 
to  the  cause  of  the  formula,  but  consider  as  to 
whether  it  may  not  be  due  to  imperfect  manipula- 
tion of  some  part  or  other  of  the  process,  for  I  can 
assure  the  reader  that  each  of  the  two  methods  I 
have  recommended  are  absolutely  reliable  in  every 
detail,  and  have  been  performed  by  myself  with 
perfect  success,  in  the  extraction  of  the  last  atom 
of  gold  from  liquid  colour  wastes. 


CHAPTER  VII 

RECOVERING   GOLD   FROM   ELECTRO-GILDING   WASTE 

Every  electro-gilder,  and  goldsmitlis  and  jewellers 
who  do  their  own  gilding,  have  more  or  less  of  this 
waste  to  deal  with,  and  the  best  and  most  simple 
methods  for  the  recovery  of  the  gold  do  not  appear 
to  be  well  known.  The  methods  usually  adopted 
for  the  recovery  of  gold  from  exhausted  or  spoilt 
cyanide  solutions  are  either  to  evaporate  the  solu- 
tion to  dryness  and  then  melt  the  residue,  or  to 
precipitate  the  gold  by  means  of  an  acid.  The  first 
method  is  pretty  generally  practised  by  refiners 
of  the  precious  metals,  and  the  second  method  by 
those  employed  in  manufacturing  and  electro-gilding 
establishments.  There  is  also  a  third  method  some- 
times employed,  and  that  is  to  extract  the  gold  from 
spoilt  or  exhausted  solutions  by  trying  to  deposit 
the  gold  on  to  a  piece  of  copper  or  other  metal  by 
means  of  the  electric  current ;  but  this  method  is 
very  slow  and  does  not  then  extract  the  whole  of 
the  gold,  the  cyanide  of  potassium  in  the  solution 
is  not  entirely  decomposed,  for  some  of  it  continues 
to  be  chemically  united  with  a  portion  of  the  gold, 
and  this  prevents  the  latter  from  being  completely 
deposited  on  the  copper  cathode.  The  anode  used  is 
an  insoluble  substance,  such  as  platinum  or  carbon. 
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The  evaporation  method,  particularly  with  large 
quantities  of  solution,  is  a  tedious  and  expensive 
process,  and  requires  special  utensils  for  the  per- 
formance of  the  operations.  With  small  quantities 
of  solution  it  is  much  more  readily  accomplished. 
This  method,  in  any  case,  is,  however,  unsatisfactory, 
for  the  reason  that  for  bright-gilding  the  solutions 
have  to  be  renewed  at  short  intervals ;  in  some 
establishments,  where  a  large  quantity  of  bright- 
gilding  has  to  be  -done  daily,  I  am  informed  that  a 
new  solution  has  to  be  made  every  fortnight,  for 
they  become  so  loaded  with  foreign  matter  that 
their  working  properties  for  the  bright  finish 
become  impaired,  and  a  new  solution  is  necessary 
to  produce  the  right  finish.  There  is  also  the 
rinsing  waters  to  be  dealt  with,  for  there  are  traces 
of  gold  in  the  liquid  clinging  to  the  articles  as  they 
are  removed  from  the  solution  to  the  rinsing  waters, 
and  these  waters  will  have  to  be  treated  for  the 
extraction  of  the  gold,  as  well  as  from  the  solution, 
for  they  increase  to  large  bulk,  and  the  gold  they 
contain,  though  small  in  quantity,  is  of  high  value, 
so  that  it  pays  to  consider  the  best  means  available 
to  efl'ect  its  recovery ;  and  to  evaporate  all  this 
liquid  would  prove,  on  account  of  the  time  required 
to  effect  it,  an  expensive  operation,  and  one  that 
cannot  be  undertaken  by  every  electro-gilder  or 
manufacturing  jeweller,  as  the  cost  would  prove 
greater,  in  many  cases,  than  the  value  of  the  gold 
obtained  from  the  bulky  liquid.  Smelting  establish- 
ments that  are  accustomed  to  recover  the  gold  from 
cyanide  solutions,  evaporate  the  liquid  down  in  iron 
pans  until  it  becomes  dry. 

The  residue  is  then  scraped  out  and  the  whole 
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melted  in  a  crucible,  and  the  cyanide  of  potassium 
and  the  carbonate  of  potassium  that  is  present  in 
the  residue  acts  as  the  flux  for  the  fusion  of  the 
product,  and  this  is  generally  found  sufficient,  as 
old  electro-gilding  solutions  usually  contain  very 
little  gold,  so  that,  as  a  rule,  when  the  dry  method 
is  adopted  no  other  reducing  salt  is  needed  to  be 
added  to  cause  the  mass  to  become  thinly  fluid,  to 
allow  of  the  small  particles  of  gold  passing  through 
it  and  gathering  together  into  a  button  at  the 
bottom  of  the  crucible,  as  both  cyanide  of  potassium 
and  carbonate  of  potassium  are  excellent  reducing 
salts,  and  readily  melt  into  a  thin  liquid. 

This  is  called  the  "  Dry  Method  "  for  the  extrac- 
tion of  gold  from  old  cyanide  of  gold  and  potassium 
solutions ;  and  most  of  the  treatises  on  electro- 
metallurgy recommend,  after  the  solution  has  been 
evaporated  to  dryness,  and  the  residue  finely 
powdered,  to  wash  it  with  water  after  it  has  become 
cold,  to  dissolve  out  the  cyanide  of  potassium  and 
other  contaminations.  It  is  not,  however,  a  good 
plan  to  wash  the  residue  in  commercial  under- 
takings, for  there  will  always  be  found  some  gold  in 
the  wash  waters  upon  testing  them  with  suitable 
reagents,  as  you  will  be  unable  to  heat  the  residue 
to  a  full  red-heat  so  as  to  decompose  the  whole  of 
the  gold  and  reduce  it  to  the  metallic  state  on 
account  of  the  salts  of  potassium  in  combination 
with  it  fusing  before  the  gold  can  be  brought  to  a 
red-heat.  Another  device  is  to  intimately  mix  the 
nearly  dried  residue  with  an  equal  weight  of  litharge 
(oxide  of  lead  PbO)  and  melt  it  into  a  mixed  button 
of  gold  and  lead.  The  lead  being  afterwards  ex- 
tracted from  the  resulting  alloy  with  a  mixture  of 
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hot  nitric  acid  and  water  as  follows  : — Mixed  alloy 
1  oz.,  nitric  acid  2  ozs.,  water  2  ozs.,  when  the  lead 
will  go  into  solution  and  the  gold  will  remain  as  a 
loose  spongy  powder — sponge  gold.  Both  these 
methods  are  superfluous  in  commercial  operations, 
for  they  take  up  extra  time  and  labour,  and  can  well 
be  dispensed  with,  particularly  as  they  bring  forth 
less  possible  results  in  the  end.  In  evaporating  and 
burning  to  dryness  a  solution  of  gold  in  cyanide  of 
potassium,  when  the  water  has  been  eliminated  in 
the  form  of  steam  vapour  the  resulting  product  will 
rise  and  ferment,  and  the  drying  must  be  completed 
at  a  very  low  heat  to  avoid  the  fusing  of  the  alkaline 
salts  in  association  with  the  gold,  to  prevent  which 
it  is  a  good  plan  to  add  a  little  coarse  sawdust  to 
the  sediment  and  stir  the  mixture  repeatedly  until 
sufficiently  burnt  to  a  dry  powder.  In  the  evapora- 
tion method,  if  carried  out  in  the  boiler  furnace 
(fig.  9)  the  poisonous  fumes  are  not  so  developed  as 
they  are  in  some  other  processes,  notably  the  one 
of  extracting  the  gold  with  acids  ;  this  is  called  the 
"  Wet  Method."  In  the  former  operation  of  dry 
reduction,  the  boiler  has  a  fume  hood  with  chimney 
attached  which  carries  off  all  the  dangerous  fumes 
into  the  open  air,  and  thus  prevents  them  entering 
into  the  workshop  in  which  the  operation  is  being 
conducted.  The  iron  of  which  the  boiler  is  com- 
posed is  not  attacked  by  the  cyanide,  and  almost 
any  iron  pan  may  be  used  for  small  operations,  the 
iron  having  a  tendency  to  reduce  the  gold  from  its 
solution  in  cyanide  of  potassium.  The  sediment, 
after  the  water  has  been  removed,  is  transferred  to 
a  clay  crucible  (not  a  plumbago)  and  melted,  the 
mixture   being  self-fluxing,  owing  probably  to  the 
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large  contents  of  cyanide,  and  that  substance  is  an 
excellent  reducing  flux  for  gold  and  other  metals 
usually  associated  with  it  in  electro-gilding  solutions 
which  have  been  used  for  gilding  articles  of  silver, 
copper,  and  brass.  Usually,  in  melting  waste  pro- 
ducts of  the  above  kind,  the  contents  of  the  crucible 
rise  and  foam  somewhat,  and  in  order  to  avoid 
boiling  over,  the  crucible  had  better  be  not  more 
than  three  parts  filled  with  the  saline  mass.  The 
frothing,  which  takes  place  when  the  crucible  has 
arrived  at  a  red-heat,  soon  afterwards  subsides,  and 
then  the  whole  melts  down  to  a  thin,  still  liquid. 
When,  after  stirring  the  mass  with  a  thin  iron  rod 
heated  to  redness  before  immersing  it  in  the  mass, 
and  continuing  the  heat  for  a  short  time  longer  for 
the  gold  to  settle  down  to  the  bottom,  the  crucible 
may  then  be  removed  from  the  fire  and  allowed  to 
cool,  when  it  is  broken  and  the  gold  recovered  in  a 
lump. 

The  precipitation  method  is  one  that  is  frequently 
followed  :  it  consists  of  endeavouring  to  precipitate 
the  gold  by  means  of  an  acid.  It  is  called  the 
"  Wet  Method "  for  the  extraction  of  gold  from 
old  solutions  of  the  double  cyanide  of  gold  and 
potassium.  These  solutions,  when  either  sulphuric, 
hydrochloric,  or  nitric  acid  is  added  to  them  slowly, 
cause  a  deposit  of  gold  cyanide  to  take  place. 
Hydrocyanic  acid  and  carbonic  acid  gases  are  given 
oflf  in  each  instance,  and  as  these  fumes  are  deadly 
poisonous,  the  most  perfect  ventilation  is  necessary 
to  avoid  danger  to  the  health  of  the  operative 
engaged  in  the  work.  It  is  advisable  to  conduct  the 
operations  in  the  open  air,  or  under  a  properly 
arranged   flue,   carefully   avoiding    to   breathe   the 
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vapours  of  prussic  acid  which  are  evolved  in  the 
process. 

Old  cyanide  liquids  should,  when  they  are  to  be 
treated  with  an  acid,  be  put  into  extra  large  acid- 
proof  stoneware  vessels,  because  a  great  amount  of 
froth  is  produced  when  the  acid  is  added,  and  the 
latter  should  only  be  added  in  small  portions  at  a 
time  to  avoid  frothing  over  the  sides  of  the  vessel 
in  which  the  liquid  is  contained,  and  the  solution 
should  be  stirred  while  the  acid  is  being  added. 
This  method  is  not  completely  satisfactory,  for  the 
double  reason,  that  it  fails  to  extract  the  whole  of 
the  gold  from  the  liquid,  and  gives  off  dangerous 
prussic  acid  and  other  fumes. 

In  solutions  of  the  double  cyanide  of  gold  and 
potassium,  the  gold  is  precipitated  by  nitric  acid, 
muriatic  acid,  and  oil  of  vitriol,  but  not  with  sulphate 
of  iron,  nor  with  chloride  of  tin.  The  muriatic  acid 
is  generally  preferred  as  the  precipitant,  but  the 
fact  that  it  leaves  some  chloride  of  gold  in  the  liquid 
appears  to  be  overlooked.  Nitric  acid  leaves  behind 
a  light  precipitate,  some  of  which  is  easily  lost  if 
the  washing  of  the  sediment  is  adopted.  Oil  of 
vitriol  is  to  be  preferred  for  gold,  as  it  reduces  the 
cyanide  to  a  single  salt,  and  precipitates  the  gold 
as  aurous  cyanide,  which  is  insoluble  in  water ;  and 
whilst  muriatic  acid  also  precipitates  aurous  cyanide, 
it  is  not  so  fixed  a  compound,  for  when  it  comes 
to  be  washed  a  little  chloride  of  gold  dissolves 
out  in  the  operation.  Oil  of  vitriol,  owing  to  its 
dense  nature  and  to  its  being  chemically  stronger 
than  the  other  two  acids,  is  to  be  preferred  for 
precipitating  the  gold  from  spoilt  or  exhausted 
cyanide    solutions,    for    then    there    will    not    be 
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any  chlorine  in  tlie  liquid  to  combine  with  the 
gold. 

It  is  better  to  dilute  the  gold  cyanide  solutions 
with  an  equal  volume  of  water,  and  to  add  the 
acid  carefully  and  in  small  portions  at  a  time,  so 
that  the  action  will  not  be  too  violent ;  allow  the 
effervescence  to  subside  somewhat  before  adding 
another  portion ;  repeat  this  operation  several  times 
until  no  further  effervescence  is  produced,  and  then 
give  the  liquid  a  rest  for  the  froth  to  evaporate 
away  and  the  gold  to  fall  down.  The  liquid  can 
then  be  tested  (to  see  if  it  has  been  freed  from  all 
gold)  with  iron  sulphate,  or  tin  chloride,  but  if 
the  latter  is  made  use  of  it  is  advisable  to  add  a 
little  hydrochloric  acid  to  the  sample  in  the  test 
tube  before  pouring  in  the  drops  of  tin  chloride, 
to  convert  into  chlorides  any  possible  soluble 
sulphates  that  may  be  contained  in  the  liquid. 
With  the  iron  sulphate  this  precaution  is  not 
necessary  when  the  gold  has  been  precipitated  with 
oil  of  vitriol.  Neither  is  it  with  the  tin  chloride 
when  the  gold  has  been  reduced  from  the  solution 
by  means  of  muriatic  acid,  as  the  alkaline  sub- 
stances will  then  be  in  the  form  of  soluble  chlorides, 
and  no  reactions  are  then  developed. 

Gold  cyanide  solutions,  when  the  gold  is  pre- 
cipitated by  mineral  acids,  must  have  sufficient 
acid  added  to  them  to  render  the  liquid  quite  clear 
before  the  sulphate  of  iron  or  the  chloride  of  tin 
can  be  applied  as  testing  agents. 

Chloride  of  tin  added  to  a  sample  of  the  actual 
gilding  solution  will  produce  an  immediate  milky 
colouring  with  effervescence  and  frothing,  and  a 
white  cloudy  precipitate  will  begin  to  fall  at  once 
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in  flakes  as  a  curdy  deposit,  and  the  action  of  this 
reagent  may  cause  an  overflow  of  the  operating 
vessel  if  not  sufficiently  capacious  to  prevent  it. 
It  is  caused  probably  through  the  evolving  of  car- 
bonic and  cyanogen  gas,  and  to  the  conversion  of 
some  of  the  cyanide  of  potassium  into  chloride  of 
potassium,  through  the  action  of  the  hydrochloric 
acid  contained  in  the  testing  mixture.  But  when 
the  cyanide  solution  has  been  completely  decom- 
posed and  made  clear  by  mineral  acid,  and  if  all 
the  gold  is  then  precipitated,  the  chloride  of  tin 
will  show  no  action  on,  or  change  in,  the  colour 
of  the  liquid  under  examination. 

Rinsing  waters,  from  cyanide  gilding  solutions, 
will  present  a  grey  colouring,  followed  by  a  cloudy 
deposit  if  a  few  drops  of  chloride  of  tin  are  added 
to  such  waters,  and  if  the  liquid  in  which  the  white 
cloudy  colouring  is  produced  is  allowed  to  rest  for 
a  time  it  will  become  quite  clear,  the  gold  (if  any 
is  contained  therein)  will  fall  down  to  the  bottom 
of  the  test  tube,  along  with  the  foreign  substances 
of  the  liquid,  the  chief  being  chloride  of  potassium, 
the  cyanogen  gas  of  the  cyanide  being  quickly  dis- 
persed with  effervescence  through  the  reactions  set 
up  by  mixing  the  two  solutions  together.  Chloride 
of  tin,  in  both  of  these  solutions  (before  being 
treated  with  acid  for  the  reduction  of  the  gold) 
produces  abundant  organic  precipitates ;  these  are 
the  more  copious  and  dense  the  larger  is  the  pro- 
portion of  gold  and  cyanide  which  they  contain. 
Sulphate  of  iron  added  to  a  sample  of  the  actual 
gilding  solution  will  produce  an  immediate  reddish- 
brown  cloudy  substance  which  agglomerates  together 
and  remains  suspended  in  the  liquid.     It  does  not 
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fall  down  to  the  bottom  of  the  test  tube,  but  if 
the  liquid  is  shaken  up  by  closing  the  mouth  of  the 
test  tube  with  the  thumb  the  concrete  mass  passes 
down,  and,  mixing  with  the  liquid,  turns  the  whole 
an  intense  red  colour,  which  afterwards  changes  to 
a  pale  reddish-brown  shade  and  remains  so  for  a 
long  time,  no  clearance  being  effected  under  some 
days,  when  a  copious  precipitate  will  be  found  half 
filling  the  test  tube,  and  on  making  another  addition 
of  copperas  to  the  apparently  clear  liquid  at  the  top 
a  red  cloud  is  produced  as  before,  showing  that 
gold  is  still  retained  in  the  liquid. 

Rinsing  waters  from  cyanide  gilding  solutions 
will  present  a  variety  of  colours,  such  as  brown, 
blue,  greenish,  and  reddish,  in  proportion  as  they 
are  stronger  in  gold  and  cyanide,  by  adding  a  little 
sulphate  of  iron  solution  to  them,  which  precipitates 
the  gold  with  abundant  organic  sediment.  Sulphate 
of  iron  (copperas)  will  ultimately  precipitate  all  the 
gold  from  gilders'  wash  waters,  and  will  reduce  the 
red  colour  to  clear  liquid,  and  when  the  gold  is  all 
thrown  down  the  copperas  solution  will  show  no 
change  in  the  colour  of  the  liquid.  The  operation 
is  considerably  hastened  by  pouring  into  the  waste 
waters  a  little  oil  of  vitriol.  The  copperas  must  be 
freshly  made  to  effect  the  above  results.  Stale 
made  copperas  solution  added  to  either  gilding 
solutions,  or  to  their  rinsing  waters,  turns  them 
into  a  black  cloudy  substance,  but  otherwise  the 
reactions  are  exactly  the  same  as  those  produced 
by  adding  freshly  prepared  copperas  solution. 

Gold  cyanide  solutions  when  the  gold  is  decom- 
posed by  mineral  acids  leave  a  residue  strongly 
impregnated  with  acid,  and  to  destroy  the  corrosive 
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action  likely  to  be  set  up  by  the  acidified  precipitate 
when  the  drying  operation  is  put  in  hand,  it  is  a 
common  practice  to  wash  the  precipitate  with  water 
so  as  to  remove  from  it  its  acid  properties ;  and  to 
avoid  the  loss  of  any  gold,  when  washing  is  adopted, 
the  following  method  is  recommended  by  the  writer 
as  the  safest  to  pursue. 
After  all  the  gold  has 
been  completely  thrown 
down,  and  the  clear  liquid 
drawn  off  the  sediment, 
remove  the  latter  from 
the  precipitating  jar  and 
put  it  into  a  glass  vessel 
like  the  one  shown  in  fig. 
12 — these  may  be  obtained 
in  all  sizes  up  to  several 
gallons  capacity.  Such 
vessels  make  good  and 
useful  utensils  for  wash- 
ing acid  precipitates,  for, 
being  conical  in  shape  the       „     ,0    ir     1  r        v 

°  \  Fig,  12. — Vessel  for  washing 

smallest  trace  of  sediment  precipitates, 

is   prevented   from  being 

washed  away — portions  of  the  precipitate  are  very 
light  and  sink  with  difficulty — and  the  wash  waters 
can  be  easily  examined  for  particles  of  floating  gold 
precipitate  when  they  have  become  clear.  The 
water  having  to  come  upwards,  as  it  were,  to  the 
mouth  of  the  vessel,  it  is  easily  poured  away  through 
the  lip  before  any  of  the  precipitate  can  reach 
the  outlet,  and  in  operating  in  that  manner  the 
syphon  can  be  dispensed  with.  The  water  should 
be  stirred  while  adding  it  to  the  precipitate,  and 
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the  latter  allowed  to  settle  until  the  water  above 
is  clear,  when  it  is  poured  off;  then  fill  the  vessel 
again  with  clean  water,  stirring  it  as  before,  allow 
to  settle  and  pour  off ;  repeat  this  four  or  five  times, 
or  until  the  liquid  does  not  turn  blue  litmus  paper 
red.  This  will  indicate  that  all  the  sulphuric  acid 
has  been  washed  out ;  and  the  water  can  then  be 
all  drained  away,  the  sediment  dried  and  fused  into 
a  lump  of  metal. 

Some  operatives  in  dealing  with  liquid  wastes  of 
this  description,  after  precipitating  the  gold  with 
acid,  pour  the  whole  upon  a  filter  of  calico  or  other 
suitable  cloth  stretched  on  a  wooden  frame.  The 
sulphuric  acid  and  excess  of  prussic  acid  is  supposed 
to  pass  through ;  the  sediment  left  on  the  filter  is 
washed  by  pouring  water  on  to  it  two  or  three 
times  and  allowing  it  to  run  through,  it  is  then 
dried  and  melted.  I  do  not,  however,  consider 
this  method  so  good  as  the  *one  I  have  recom- 
mended, for  the  simple  reason,  that  if  it  had  not 
been  ascertained  that  all  the  gold  has  been  thrown 
down  before  doing  this,  that  portion  which  is  still 
soluble  in  the  liquid  will  go  through  the  filter  and 
be  lost,  and  sometimes  when  a  precipitate  is  in  a 
very  fine  state  of  division,  some  of  it  also  is  liable 
to  pass  through  the  pores  of  the  filter. 

There  is  always  a  certain  amount  of  organic 
sediment  that  cannot  be  washed  out  of  these  pre- 
cipitates without  endangering  the  safety  of  the  gold, 
and  for  that  reason  it  is  better  not  to  attempt  the 
impossible.  It  is  far  better,  when  the  acid  water 
has  been  removed,  to  proceed  with  the  operation  of 
drying,  and  to  employ  a  little  extra  flux  in  the  melt- 
ing of  the  product.     The  following  are  suitable  pro- 
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portions  to  mix  together  to  effect  good  results  when 
the  precipitate  is  so  treated  : — 

Gilding  waste  residue       .         .10  ozs.  or  100  ozs. 
Soda-ash  .         .         .         .       3   „     „     30    „ 

Double  cyanide  of  gold  and  potassium  precipitated 
by  sulphuric  acid  and  dried  in  the  boiler-furnace 
gives  off  hydrocyanic  acid  and  carbonic  acid  gases, 
leaving  as  the  residue  a  mixture  of  gold  and 
sulphate  of  potassium ;  and  the  latter  (when  not 
washed  out)  acts  as  an  assistant  in  fluxing  the  gold, 
when  the  product  is  being  melted,  and  less  flux, 
about  three-tenths  only,  of  its  weight,  is  required 
to  be  added  to  effect  its  complete  fusion  and  recover 
the  whole  of  the  gold. 

In  melting  waste  residues  of  this  description,  after 
the  drying  has  been  accomplished  and  they  have 
been  intimately  mixed  with  the  dried  soda-ash,  the 
resulting  product  should  always  be  put  into  a  clay 
crucible  (plumbago  crucibles  are  acted  upon  by  the 
fluxes,  portions  of  the  materials  of  which  they  are 
composed  become  detached,  and,  mixing  with  the 
fluxes  retard  the  fusion  by  causing  the  mass  to 
assume  a  semi-fluid  condition  only)  and  the  heat 
given  at  first  should  be  moderate,  or  the  contents 
may  rise  up  and  overflow ;  should  this  be  likely  to 
happen,  a  few  pinches  of  dried  common  salt  thrown 
into  the  crucible  will  at  once  cause  the  fusing  mass 
to  subside.  It  is  necessary  to  melt  the  whole  pro- 
duct to  as  liquid  a  state  as  possible,  to  enable  the 
fine  particles  of  gold  to  separate  from  the  flux  and 
collect  together  in  a  liquid  mass  at  the  bottom  of 
the  crucible.  When  the  melted  mass  has  become 
thinly  fluid  and  tranquil,  then,  and  not  before,  is 
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the  time  to  remove  tlie  pot  from  the  fire  and  place 
it  in  a  safe  place  to  cool.  The  pot  is  afterwards 
broken  by  a  blow  from  a  hammer  on  its  lower  part, 
when  the  button  of  gold  will  fall  out.  This  is  sub- 
sequently assayed  and  sold  to  the  refiner  who  makes 
the  best  off'er. 

The  Battery  Method  is  sometimes  resorted  to  in 
recovering  the  gold  from  old  or  spoilt  cyanide 
solutions.  The  galvanic  battery  or  the  electric 
dynamo  may  be  employed  for  the  purpose.  The 
plan  adopted  consists  in  attaching  a  piece  of  sheet 
copper  to  the  negative  wire,  that  is,  the  wire  on 
which  the  articles  when  being  gilt  are  suspended, 
and  a  piece  of  platinum,  or  in  the  absence  of  this,  a 
piece  of  carbon  or  even  iron  is  attached  to  the 
positive  wire  as  an  anode,  for  neither  of  these  sub- 
stances are  attacked  by  the  solution.  The  battery 
or  dynamo  is  then  put  in  action,  when,  after  con- 
tinuing the  operation  for  some  time,  nearly  the 
whole  of  the  gold  will  be  deposited  on  the  copper 
sheet ;  and  when  the  solution  ceases  to  deposit  any 
more  gold  on  to  the  copper  sheet,  which  is  easily 
ascertained  by  weighing  it  at  intervals,  the  opera- 
tion is  stopped,  and  the  gold  is  recovered  by  dissolv- 
ing it  in  aqua-regia,  diluting  the  solution  with  water, 
and  precipitating  therefrom  the  gold  with  a  solution 
of  iron  sulphate,  when  it  may  be  redissolved  in 
aqua-regia,  converted  into  crystallised  chloride  of 
gold,  and  used  again  for  making  a  new  gold  solution. 
With  regard  to  the  quality  of  the  sulphate  of  iron 
crystals  to  be  used  in  making  the  copperas  solution, 
for  delicate  operations  it  must  be  understood  that 
they  should  be  perfectly  free  from  red  or  brown 
powder  (peroxide  of  iron  Fe203),  as  this  powder  is 
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insoluble  in  water,  and  will  readily  deposit  to  the 
bottom  of  the  vessel  when  the  crystals  have  been 
dissolved.  But  when  the  iron  sulphate  salt  cannot 
be  procured  in  a  perfect  condition,  it  is  a  good  plan 
after  dissolving  the  precipitating  agent  in  water,  to 
allow  the  insoluble  powder  to  settle,  and  then  pour 
off  the  clear  liquid  for  use.  By  adopting  these 
means  any  iron  oxide  that  may  be  present  in  the 
salt  will  be  prevented  from  falling  down  and  mixing 
with  the  gold  precipitates  produced  through  its 
employment,  as  it  would  otherwise  do  if  some  such 
precautionary  measures  were  not  taken  to  remove 
it  beforehand. 

Having  now  given  a  descriptive  account  of  three 
of  the  old  methods  of  recovering  the  gold  from 
cyanide  gilding  solutions,  which  may  be  briefly 
recapitulated  as  follows  : — 

1.  The  evaporation  of  the  solutions  to  dryness 
and  the  melting  of  the  residue  into  a  button  of 
metallic  gold  in  a  clay  crucible  without  any  flux. 
The  alkaline  substances  combined  with  the  product 
acting  as  the  flux. 

2.  The  precipitation  of  the  gold  in  the  solutions 
by  a  mineral  acid  as  aurous  cyanide  (AuCy),  the 
washing  out  of  the  mineral  acid,  and  the  melting  of 
the  remaining  sediment  by  means  of  a  good  reducing 
flux,  and  approximately  weighing  three-tenths,  or 
30  per  cent,  of  the  gross  weight  of  the  precipitated 
substance. 

3.  The  electrolytic  extraction  of  the  gold  from 
the  solutions  by  depositing  it  in  the  metallic  state 
on  to  a  sheet  of  copper  which  acts  as  the  cathode, 
while  a  piece  of  carbon  or  of  iron  does  duty  as  the 
anode,  the  removal  of  the  gold  from  the  copper 
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sheet  being  afterwards  effected  either  by  mechanical 
or  chemical  means. 

The  first  of  these  methods  is  a  slow  process,  and 
somewhat  dangerous  when  large  quantities  of  solu- 
tion have  to  be  evaporated,  as  prussic  acid  fumes 
are  given  off  during  the  operation.  The  second 
method  is  even  more  dangerous  than  the  first,  on 
account  of  the  excessive  prussic  acid  vapours  that 
are  evolved  by  the  action  of  the  acid  on  the  cyanide 
of  potassium,  and  of  its  absolute  necessity  to  be  almost 
always  performed  out  in  the  open  air  to  avoid  injury 
to  the  health  of  the  workers,  for  which  reason  it  is 
unsatisfactory,  and  with  large  quantities  of  solution 
it  becomes  an  expensive  operation.  The  third 
method  is  less  injurious  than  either  of  the  other 
two,  but  it  does  not  extract  the  whole  of  the  gold, 
some  small  portion  being  always  left  in  the  solution 
when  so  treated,  as  it  does  not  entirely  decompose 
the  whole  of  the  cyanide.  The  operation,  however, 
requires  little  attention  when  once  set  in  action, 
and  that  is  in  its  favour.  It  is  also  economical  in 
working,  but  slow,  even  under  the  most  favourable 
conditions,  and  cannot,  therefore,  be  recommended 
for  universal  adoption  commercially: 

The  process  I  shall  next  describe  for  recovering 
gold  from  cyanide  gilding  solutions  will,  without  a 
doubt,  be  a  great  improvement  on  old  methods,  as 
it  is  so  simple  to  perform,  is  self-acting,  will  throw 
down  every  atom  of  gold,  and  requires  no  special 
apparatus — in  fact,  the  solutions  may,  if  necessary, 
be  treated  without  the  use  of  separate  vessels,  and 
the  method  is  almost  entirely  free  from  danger  to 
the  workpeople  employed  in  the  factory.  Large  or 
small  volumes  of  solution  can  equally  be  treated  by 
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my  process  with  excellent  commercial  results,  the 
only  apparatus  needed  being  a  vessel  large  enough 
for  holding  the  whole  of  the  solution,  after  it  has 
been  diluted  with  water,  which  has  to  have  its  gold 
extracted  therefrom. 

Copper,  iron,  aluminium,  and  zinc  precipitate 
metallic  gold  from  solutions  of  its  cyanide  by  a 
simple  displacement  of  the  metals,  but  in  each  case 
the  cyanide  has  to  be  in  excess  to  cause  the  different 
metals  to  dissolve  in  it,  when  "  nascent  hydrogen  " 
is  freely  evolved  and  cyanide  of  the  metals  used  is 
formed,  otherwise  the  operations  prove  unsuccessful 
in  throwing  down  the  whole  of  the  gold.  How  the 
latter  difficulties  may  be  easily  overcome  in  all 
solutions,  and  the  process  rendered  thoroughly 
workable,  I  shall  point  out  to  the  reader  as  this 
discourse  proceeds.  Zinc  is  the  most  useful  metal 
to  employ  to  effect  the  reduction  of  the  gold,  for 
the  reason  that  it  is  not  only  the  most  electro- 
positive metal  to  the  metal  in  solution — gold,  but 
that  it  is  readily  attacked  by  the  liquid,  and  is 
cheap.  The  extraction  of  the  precious  metal  from 
cyanide  solutions  may  therefore  be  readily  and 
completely  effected  by  the  action  of  metallic  zinc. 


CHAPTER  VIII 

THE    ZINC-ACID   PROCESS 

The  principle  of  this  method  consists  of  the  fact, 

that  if  a  thin  sheet  of  metallic  zinc  is  immersed  in 

a  cyanide  gold  solution  in  a  vertical  position,  and  a 

very  small  quantity  of  mineral   acid   is   carefully 

added  to  the  auriferous  liquid,  the  gold  will  become 

precipitated  and  fall  to  the  bottom  of  the  vessel  in 

which  the  operation  is  being  conducted  as  a  metallic 

powder.     The   gold    will   not,    as   stated   by   some 

authorities,  be  deposited  in  a  coherent  state  on  to 

the  surface  of  the  zinc  sheet.     For  if  this  were  to 

take  place  no  direct  advantage  would  result  from 

the  method.     If  the  gold  adhered  firmly  to  the  zinc 

sheet,  the  moment  it  becomes  covered  over  with 

gold   all   action  would  cease,   as  no  deposit  takes 

place  when  two  electro-negative  metals  of  the  same 

kind,  such,  for  instance,  as  these  would  then  be — 

gold  in  a  solution  of  gold.     The  secret  of  success 

lies  in  the  addition  of  a  very  little  mineral  acid 

to  the  gold  cyanide  solution  when  the  zinc  plate 

is  first  immersed,  and  to  add  a  little  more  after  a 

short  time.     The  mineral  acid  will  prevent  the  gold 

depositing  itself  on  the  zinc  sheet,  and  also  provide 

a  free  surface  for  the  action  of  the  liquid  to  display 

its  powers  thereon  to  the  best  advantage  in   the 
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generation  and  discharge  of  "  nascent  hydrogen  "  to 
the  end  of  the  process,  when,  after  about  12  hours 
of  such  action,  the  whole  of  the  gold  will  be 
completely  thrown  down  from  the  solution  under 
treatment. 

In  treating  gold  cyanide  solution  with  metallic 
zinc  without  the  mineral  acid,  and  when  the  cyanide 
of  potassium  is  not  present  in  the  solution  in  excess, 
the  action  soon  stops  altogether,  owing  to  the  forma- 
tion of  a  layer  of  hydrogen  over  the  surface  of  the 
zinc  sheet ;  but  when  the  cyanide  of  potassium  is 
present  in  large  quantity  the  zinc  dissolves  in  it, 
and  hydrogen  continues  to  be  evolved,  until  the 
cyanide  loses  its  active  properties,  and  cyanide  of 
zinc  is  thus  so  far  formed  in  the  solution,  which 
takes  the  place  of  the  gold  cyanide,  as  the  gold 
becomes  precipitated  therefrom ;  but  in  old,  or 
spoilt,  cyanide  of  gold  solutions,  the  cyanide  of 
potassium  is  either  partly  or  wholly  exhausted 
before  they  are  placed  aside  as  of  no  further  use. 
This  causes  unsatisfactory  results,  and  my  object 
in  introducing  a  little  mineral  acid  to  stimulate  the 
action  of  the  zinc  and  thereby  perfect  the  operation 
by  making  it  continuous,  was  to  completely  over- 
come all  the  besetting  disadvantages  which  prevailed 
without  its  employment. 

The  proportions  of  metallic  zinc  and  mineral  acid 
need  not  be  large,  but  the  more  surface  of  zinc  that 
is  exposed  to  the  action  of  the  liquid,  and  with  just 
sufficient  acid  to  prevent  a  layer  of  hydrogen  form- 
ing on  its  surface,  is  all  that  is  required  to  cause  a 
rapid  precipitation  of  the  gold.  No  gold  will  then 
be  deposited  on  the  zinc,  it  will  all  fall  to  the  bottom 
of  the   vessel   in   the   metallic    state,  leaving   the 
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solution  quite  clear  and  colourless.  The  solution 
can  be  treated  in  its  concentrated  form,  or  it  may 
be  diluted  with  an  equal  volume  of  water;  either 
will  give  satisfactory  results.  The  following  pro- 
portions of  substances  make  up  a  good  formula  to 
work  to,  when  diluted,  as  stated  above  : — 

Gold  cyanide  solution         .     1  gallon  or  10  gallons. 
Metallic  zinc      .         .         .     ^  oz.        ,,5  ozs. 
Oil  of  vitriol      .         .         •      1   „  „   10   „ 

The  gold  solution  from  which  the  precious  metal 
is  to  be  recovered  may  be  treated  in  its  own  vessel, 
or  placed  in  a  stoneware  jar  when  it  is  preferred  to 
be  used  diluted  (see  fig.  10),  or  any  other  suitable 
vessel  may  be  used  when  the  solutions  are  large. 

The  quantity  of  zinc  that  is  required  will  depend 
upon  the  amount  of  gold  and  cyanide  of  potassium 
existing  in  the  solution  to  be  treated.  The  pro- 
portionate parts  I  have  given  will  be  satisfactory 
up  to  10  dwts.  or  more  of  gold  per  gallon  of  solu- 
tion ;  more  gold  than  this,  with  its  equivalent  of 
cyanide  of  potassium,  may  require  at  the  beginning 
to  have  the  zinc,  but  not  the  acid,  proportionately 
increased.  From  J  to  1  oz.  of  zinc  to  1  gallon  of 
solution  will  be  sufficient  to  throw  down  all  the 
gold  from  any  solution  when  diluted  with  an  equal 
volume  of  water.  The  vessel  holding  the  solution 
should  not  be  filled  to  the  brim,  as  a  little  frothing 
takes  place  all  over  the  surface  of  the  liquid,  through 
the  hydrogen  bubbles  which  arise,  and  in  starting 
the  operation  it  is  much  better  to  immerse  the  zinc 
plate  in  conjunction  with  a  proportionate  part  of 
the  oil  of  vitriol,  by  which  means  the  agitation  is 
greatly  reduced  and  soon  passes  off.  It  is  also  an 
advantage  to  add  a  part  of  the  remaining  acid  at  a 
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time,  and  repeat  the  operation,  rather  than  add  all 
the  acid  at  once,  particularly  if  a  little  extra  acid  is 
required  to  make  the  zinc  more  active,  for  in  that 
manner  the  action  of  the  zinc  is  regulated  to  the 
Deeds  of  the  solution ;  all  that  is  necessary  is  for 
the  zinc  to  be  feebly  attacked  by  the  acid,  and  no 
more  acid  should  be  added  than  will  just  bring 
about  this  result — a  good  test  is  when  the  liquid 
barely  turns  blue  litmus  paper  red. 

When  the  gold  is  all  reduced  the  solution  will 
become  quite  clear  like  water,  and  then  a  sample  of 
the  liquid  can  be  withdrawn  and  placed  in  a  clear 
glass  test  tube,  and  tested  for  gold  with  a  few  drops 
of  a  clear  white  solution  of  copperas,  and  if  all  the 
gold  has  been  thrown  down  no  chemical  action  or 
change  of  colour  will  appear  visible  to  the  eye. 

If  it  is  intended  to  test  the  sample  liquid  with 
the  protochloride  of  tin  test,  it  is  necessary  to  first 
add  a  little  hydrochloric  acid  to  the  selected  sample 
before  the  tin  chloride  is  employed,  for  it  is  only 
reasonable  to  assume  that  a  little  sulphate  of  zinc 
may  be  present  in  the  liquid,  and  the  hydrochloric 
acid  prepares  the  liquor  in  a  suitable  condition  to 
prevent  chemical  action  being  set  up  between  two 
opposite  salts  like  chloride  of  tin  and  sulphate  of 
zinc  when  they  come  in  contact.  The  chloride  of 
tin  if  added  direct  may  cause  a  white  cloudy 
colouring  to  appear  (protochloride  of  tin  is  chemi- 
cally acted  upon  and  a  white  cloudy  coloration  is 
given  to  the  liquid  by  sulphate  of  zinc),  but  when  a 
little  hydrochloric  acid  is  added  previously  no 
alteration  of  colour  will  arise  (this  acid  does  not 
precipitate  sulphate  of  zinc,  but  converts  it  into 
chloride  of  zinc,  a  very  soluble  salt,  without  the 
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chemical  change  being  observed),  and  when  the 
copperas  test  is  employed,  the  addition  of  hydro- 
chloric acid  is  not  required,  for  the  simple  reason 
that  there  will  be  a  sulphate  salt  coming  in  contact 
with  another  sulphate  salt,  and  no  reactions  then 
occur. 

Gilding  solutions,  which  have  been  used  for  some 
time  in  gilding  articles  of  alloyed  gold,  silver, 
copper,  brass,  and  other  common  metals,  contain 
portions  of  those  metals  in  the  solution,  and  these 
are  all  precipitated  by  the  zinc  sheet,  so  that  when 
the  sediment  is  dried  and  melted  a  metallic  button 
of  mixed  metals  is  the  result. 

It  is  advisable  to  occasionally  stir  the  solution 
during  the  period  that  precipitation  is  taking  place, 
in  order  to  bring  different  portions  of  the  solution 
into  the  immediate  vicinity  of  the  zinc  sheet,  as 
this  will  greatly  assist  the  operation  of  extracting 
all  the  gold  from  these  solutions  in  a  perfectly  exact 
manner.  No  gold  will  remain  in  the  liquids  standing 
above  the  precipitates,  after  being  carefully  treated 
by  this  method,  and  the  poisonous  gases  are  not  so 
developed  as  they  are  in  the  processes  for  extracting 
the  precious  metals  by  strong  mineral  acids. 

Metallic  zinc  in  the  form  of  sheets  is  more 
convenient  to  use  than  either  turnings,  clippings, 
granulated  into  flakes,  filings,  or  any  other  form  of 
finely  divided  zinc,  as  the  sheets  can  easily  be  hung 
in  the  solutions,  and  readily  withdrawn  when  all 
the  gold  has  been  thrown  down,  or  at  any  other 
stage  of  the  operation.  It  is  not  necessary — when 
a  little  acid  is  used — that  the  zinc  should  have 
'  clean  surfaces,  for  if  coated  with  the  ordinary  oxide 
it  will  work  quite  satisfactorily.     For  when  the  zinc 
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is  immersed  in  the  solution  its  oxide  is  attacked 
and  dissolved,  and  the  zinc  turns  a  blackish  colour, 
and  if  any  gold  attaches  itself  to  the  surface  at  first, 
which  is  unlikely,  it  is  spongy  and  non-adherent, 
and  is  quickly  removed  by  the  uninterrupted  action 
of  the  sulphuric  acid  on  the  zinc.  If,  however,  the 
surface  of  the  zinc  was  scraped  quite  clean  and 
placed  in  the  gold  cyanide  solution  without  the  acid 
the  gold  would  deposit  on  the  surface  in  a  thin 
layer  by  chemical  or  electrolytic  action,  but  only  in 
a  thin  layer,  and  the  moment  it  became  covered  all 
over,  all  action  would  immediately  cease  and  the 
operation  then  prove  a  failure.  The  oil  of  vitriol 
provides  a  simple  remedy  for  this  innovation  by 
giving  to  the  zinc  a  free  surface,  for  the  continual 
production  and  escape  of  the  hydrogen  gas  which 
arises  from  the  reactions  caused  within  the  solution, 
which  is  a  distinct  advantage.  Again,  it  must  be 
noted  that  without  the  acid,  a  white  zinc  salt 
(hydrate  of  zinc)  is  sometimes  formed  on  the  zinc, 
and  this  interferes  with  the  action  of  the  liquid  also 
by  putting  a  stop  to  the  operation.  Too  much  oil 
of  vitriol  must  not,  however,  be  added  to  the  gold 
solution  to  cause  too  rapid  an  action  on  the  zinc 
sheet;  a  very  little,  and  added  occasionally  as 
required,  is  much  the  best  form  of  treatment. 

When  all  the  gold  has  been  precipitated  with 
accuracy  —  indicated  by  either  of  the  before- 
mentioned  test  liquids — the  clear  solution  may  be 
syphoned  off  and  thrown  away,  as  it  will  then 
contain  nothing  of  any  value.  The  whole  product 
is  then  ready  to  be  transferred  to  the  drying  furnace 
and  there  heated  until  all  moisture  has  evaporated. 
No  washing  is  required  to  be  done  by  this  process. 
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and  it  will  be  unnecessary  to  filter  the  remaining 
liquid  away  from  the  sediment,  as  that  will  soon 
vanish  under  the  heat  of  the  furnace.  The  dried 
sediment  is  next  reduced  to  a  fine  powder,  mixed 
with  a  good  reducing  flux,  and  melted  in  a  clay 
crucible,  when  a  button  of  mixed  metals  will  be 
obtained,  without  any  loss  occurring,  such  as  is 
often  experienced  in  washing  precipitates  in  manu- 
facturing establishments. 

Note. — The  crucibles  in  which  these  products  are 
melted  should  be  of  the  kind  known  as  the  London 
round  white  fluxing  pots.  They  are  specially  manu- 
factured for  the  purpose  by  Messrs  Morgan,  at 
Battersea  Works.  Ordinary  blacklead  and  plumbago 
pots  will  not  answer,  owing  to  the  action  of  the 
fluxes  on  the  material  of  which  they  are  composed. 
These  special  crucibles,  when  being  used,  are  some- 
times placed  within  plumbago  pots  as  a  precaution 
against  loss  should  the  former  crack,  which,  however, 
seldom  happens  when  the  necessary  care  is  used 
in  performing  the  work. 

In  precipitating  gold  from  cyanide  gilding  solu- 
tions by  means  of  zinc  sheets  and  a  little  oil  of 
vitriol,  in  order  to  avoid  excess  of  the  latter  getting 
into  the  mixture  it  will  be  found  much  the  better 
course  to  pursue  to  use  as  little  as  possible,  that  is 
to  say,  add  less  of  the  acid  in  the  beginning  than 
the  maximum  quantity  required,  and,  when  no 
chemical  action  is  perceived  to  be  going  on,  to  add 
a  further  small  portion,  and  so  on,  until  the  end 
of  the  operation  is  reached.  This  will  prevent 
too  much  oil  of  vitriol  (H2SO4)  getting  into  the 
solution. 

The  chemical  reactions  which  occur  in  the  cyanide 
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of  gold  solutions  by  the  "  Zinc-acid  process "  are 
rather  complicated,  but  the  principal  change  is 
probably  one  of  exchange  of  metals  in  the  solution. 
The  gold  is  precipitated  as  metal  by  the  chemical 
action  on  the  zinc,  and  the  latter  must  then,  as  a 
liquid,  take  the  place  of  the  gold  in  the  solution. 
The  zinc  being  dissolved  by  the  combined  effects  of 
the  cyanide  and  the  acid,  which  causes  hydrogen  to 
be  evolved,  and  this  acts  as  a  reducing  agent  to  the 
gold,  which  falls  to  the  bottom  of  the  vessel  in  a 
metallic  powder.  The  cyanogen  of  the  gold  cyanide 
unites  with  the  zinc  as  it  becomes  dissolved,  forming 
a  fluid  substance  of  cyanide  of  zinc ;  sulphate  of 
potassium  being  also  formed  by  the  action  of  the 
oil  of  vitriol  on  the  potassium  salts  contained  in  the 
gilding  solution,  portions  of  which  (as  hydrate 
KOH)  fall  to  the  bottom  of  the  liquid  along  with 
the  gold,  as  does  probably  some  small  particles  of 
hydrate  of  zinc ;  the  residue  thus  obtained,  when 
dried  and  burnt,  contains  the  whole  of  the  gold, 
oxide  of  potassium,  and  a  little  oxide  of  zinc.  The 
zinc,  therefore,  in  cyanide  solutions  to  which  a  small 
portion  of  H2SO4  is  added,  precipitates  as  residue 
metallic  gold  and  hydrate  of  potassium,  while  there 
remains  in  the  liquid  both  cyanide  and  sulphate  of 
zinc. 


CHAPTER  IX 

RECOVERING   GOLD   FROM    RINSING    WATERS    AND 
WASH    WATERS 

The  rinsing  waters  made  use  of  during  gilding 
operations,  as  also  those  resulting  from  the  making 
of  gold  salts,  and  from  other  gold-washing  processes, 
should  never  be  thrown  awa^  without  previously 
testing  them.  They  should  be  set  aside  and  pre- 
served in  order  that  the  gold  may  be  recovered 
therefrom  at  some  future  time,  since  nearly  all  the 
washing  waters  from  gold  precipitates,  as  usually 
performed  in  factories,  contain  a  little  gold.  They 
may  all  be  put  into  one  and  the  same  vessel,  where 
they  can  be  treated  altogether  for  the  recovery  of 
the  gold  by  the  means  I  am  now  about  to  make 
known.  Testing  in  the  proper  manner  will  prove 
the  truth  of  the  assertion,  that  all  these  wash 
waters  contain  a  little  gold  in  solution,  as  it  is 
usually  of  high  caratage,  the  loss  is  greater  in  value 
than  it  may  appear  to  the  mind  to  be  at  the 
moment,  and  without  due  consideration  of  the  facts. 
The  greater  the  quantity  of  alkaline  salts,  or  of  free 
acid,  in  the  wash  waters,  the  more  capable  are  they 
of  holding  the  precious  metals  in  solution.  The 
gold  can,  however,  all  be  thrown  down  from  such 
liquids  in  a  very  simple  manner,  for  by  immersing 

in  them  sheets  of  zinc,  from  1  to  2  ozs.  of  zinc  per 
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gallon  of  solution  will  be  quite  sufficient,  provided 
the  rinsings  are  made  slightly  acid,  if  not  already 
so,  and  sufficient  time  is  given  to  effect  the  purpose. 
The  precipitation  is  so  completely  successful  that 
all  the  gold  contained  in  solution  in  such  products 
is  thrown  down  in  one  night  to  the  metallic  state, 
leaving  no  trace  of  it  in  the  fluid  in  the  morning, 


Fig.  13. — Wooden  precipitating  vessel. 

after  carefully  carrying  out  this  method,  which  is 
very  simple  and  economical  in  its  application  to 
these  kinds  of  waste  liquids. 

A  receptacle  for  holding  the  rinsings  and  wash 
waters  resulting  from  electro-gilding  should  be 
procured  of  a  size  well  adapted  to  the  extent  at 
least  of  a  day's  work  being  done  in  the  factory.  A 
tank  or  old  paraffin  barrel  (fig.    13)  is  a  suitable 
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vessel    in   which    such    liquids    may    be   collected 
together  and  preserved. 

The  liquid  may  be  drawn  off  the  sediment  every 
morning,  after  it  has  been  ascertained  that  the  gold 
has  all  been  precipitated  from  it,  by  means  of  a 
syphon — one  with  a  suction  tube  is  preferable 
(fig.  14),  and  is  a  useful  little  instrument  for 
syphoning  solutions  which  cannot  with  safety  be 
touched  with  the  fingers.  The 
shorter  leg  is  placed  in  the  liquid 
and  the  longer  one  closed  with 
the  finger  or  an  indiarubber  pad 
placed  against  it,  then  with  the 
mouth  suction  is  carefully  applied 
at  the  top  end  of  the  side  tube 
until  the  liquid  fills  the  longer 
leg  of  the  syphon.  When  there 
is  danger  of  inhaling  poisonous 
vapours,  the  suction  of  the 
^     ,,     „    ^       .,,      mouth  may  be    replaced   by  an 

Fig.  14. — Syphou  with  ,  •'  ^  •' 

suction  tube.  indiarubbcr     ball     (see     sketch) 

being  secured  to  the  suction 
tube.  The  longer  leg  of  the  syphon  is  closed  after 
putting  the  short  leg  into  the  liquid,  as  before,  and 
the  ball  is  squeezed  in  order  to  remove  the  air, 
when,  by  its  elasticity,  the  ball  resumes  its  former 
state,  and  thus,  by  continuing  this  action  a  short 
time,  a  suction  is  produced  which  fills  the  long  leg 
with  liquid  and  sets  the  syphon  in  action. 

The  precipitated  gold  need  not  be  removed  from 
the  vessel  after  the  first  lot  of  clear  solution  is 
withdrawn,  but  each  time  this  is  done  the  vessel 
will  be  ready  again  for  fresh  quantities  of  rinsings 
to  be  put  in  as  often  as  is  required  during  the  next 
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day,  this  device  being  repeated  time  after  time 
until  sufficient  sediment  has  accumulated  upon  the 
bottom  of  the  vessel,  when  it  is  removed,  and  may- 
be mixed  with  the  gilding  solution  precipitates 
and  treated  as  one  product,  or,  if  preferred,  melted 
separately. 

The  wooden  tub  which  is  used  to  hold  the  rins- 
ings should  have  two  coats  of  asphaltum  cement 
applied  both  inside  and  outside,  and  the  recess  at 
the  bottom  of  the  inside  should  be  filled  level  with 
melted  pitch,  and  smoothed  quite  even,  as  neither 
alkaline  nor  acid  liquids  have  scarcely  any  action 
on  this  substance. 

It  is  no  earthly  use  in  alone  simply  filtering  these 
solutions,  as  the  gold  will  pass  through  the  filtering 
material  as  easily  as  does  the  water. 

When  a  zinc  plate  is  employed  to  precipitate  the 
gold  from  these  kind  of  rinsings,  which  are  always 
very  dilute,  a  little  acid  is  usually  required  to  be 
added  to  them  to  generate  nascent  hydrogen  as  the 
reducing  agent ;  and  as  a  guide  to  the  right  quantity, 
I  may  remark  that  when  blue  litmus  paper  is  faintly 
turned  red  upon  immersing  it  therein,  sufficient 
H2SO4  has  been  added  to  cause  the  zinc  to  quickly 
perform  the  necessary  requirements. 

No  washing  of  the  sediment  resulting  from  this 
method  of  recovering  the  gold  is  at  all  needful,  nor 
in  any  of  the  operations  dealing  with  jewellers' 
waste  products,  for  there  will  always  be  found  some 
gold  in  the  washing  waters  on  testing  them  with 
suitable  reagents. 

The  sediment  in  the  operating  vessel  is  scraped 
out  at  stated  intervals,  dried  and  burnt  to  powder 
in  the  boiler-furnace,  and  then  melted  direct,  with 
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two-fifths  of  its  weight  of  soda-ash,  when  a  lump  of 
metallic  gold — usually  alloyed  with  other  metals — 
will  be  obtained. 

The  following  formula  for  adoption  will  be  found 
excellent  in  melting  this  product : — 

Electro-gliding  waste  residue      .       10  ozs.  or  100  ozs. 
Soda-ash    .         .         .         .         .         4   „     „     40    „ 

It  is  my  intention  to  give  full  and  complete 
directions  for  dealing  with  each  kind  of  residue 
separately,  then  any  of  my  readers  who  decide  to 
follow  the  information  given  may  continue  the 
operations  to  the  end,  without  having  to  refer  to 
back  pages  for  instructions  to  complete  the  different 
stages  of  the  work  to  be  undertaken. 

The  residue  after  drying,  which  should  be  done 
slowly  at  first,  the  heat  being  continued  until  all 
organic  matter  is  destroyed,  is  intimately  mixed 
with  dry  soda-ash  in  the  proportions  given  above. 
This  acts  as  the  flux  in  melting,  and  with  the  residue 
of  potash  contained  in  the  burnt  powder  acts  as  a 
powerful  flux  in  reducing  the  metal  from  dry  wastes 
of  this  description. 

Soda-ash  is  not  a  pure  carbonate  of  sodium 
commercially ;  it  contains  about  50  per  cent,  of 
carbonate  of  soda  ;  the  remainder  usually  consists  of 
common  salt  and  sulphate  of  soda.  This  combina- 
tion of  substances  forms  a  readily  fusible  triple 
compound  salt  which  combines  with  the  non- 
metallic  matter  of  the  residue,  forming  a  very 
liquid  slag  which  rises  above  and  separates  from 
the  metal  by  the  act  of  gravity,  on  its  becoming 
melted. 

When  this  description  of  waste  has  been  well 
burnt,  and  allowed  to  become  cold,  it  is  reduced  to 


Gold  from  Rinsing  Waters  and  Wash  Waters  103 

fine  powder  in  a  mortar  ;  next  spread  out  on  a  large 
sheet  of  strong  smooth  paper,  and  well  mixed  with 
the  aforesaid  flux,  and  when  this  is  done,  the 
mixture  is  put  into  a  clay  crucible  which  has  pre- 
viously been  warmed  to  prevent  cracking,  as  it 
would  be  liable  to  do  if  put  into  a  red-hot  furnace 
in  a  cold,  moist  condition.  The  crucible  should  be 
of  sufficient  capacity  to  contain  the  mixture,  but  it 
must  not  be  filled  too  full,  for  this  kind  of  residue 
has  a  tendency  to  rise  as  the  salts  begin  to  melt. 
If  the  crucible  furnace  is  not  of  the  proper  size  to 
take  a  crucible  large  enough  to  hold  all  the  mixture, 
a  portion  can  be  reserved  and  put  in  the  crucible 
afterwards,  when  the  first  lot  has  sunk  down.  Con- 
tinue the  heat  of  the  furnace  until  the  mass  within 
the  crucible  forms  into  a  thin,  steady  liquid,  stirring 
occasionally  with  a  thin  iron  rod  so  as  to  render  the 
fused  mass  uniform  in  composition,  and  to  enable 
the  small  shots  of  metal,  as  they  become  melted,  to 
fall  through  the  flux  to  the  bottom  of  the  crucible. 
When  this  has  been  accomplished,  withdraw  the 
crucible  from  the  fire,  and  allow  it  to  cool ;  then 
break  the  pot  at  its  lower  part  by  a  blow  from  a 
hammer,  and  a  metallic  button-shaped  substance 
will  fall  out,  consisting  of  an  alloy  of  gold,  silver, 
and  copper  in  small  proportions.  This  is  remelted, 
this  time  in  a  plumbago  crucible,  under  a  layer  of 
fine  charcoal  powder  to  protect  it  from  the  action  of 
the  air,  and  cast  into  an  ingot  mould  to  form  a  bar 
of  metal  which  may  then  have  a  parting  assay  taken 
from  it  in  order  to  ascertain  its  value,  when  it  can 
be  sold  to  the  refiner  who  makes  the  best  off'er.  The 
slags  resulting  from  melted  fluxes  are  thrown  into 
the  sweep. 
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The  following  are  the  operations,  reduced  to  a  brief 
account,  for  the  extraction  of  the  gold  from  cyanide 
solutions,  their  rinsing  waters,  and  the  making  of 
gold  salts  by  the  zinc  process  : — 

(1)  The  dilution  of  cyanide  of  gold  solutions  with 
an  equal  volume  of  water.  The  rinsing  waters  will 
be  already  sufficiently  diluted. 

(2)  The  precipitation  of  the  gold  by  the  im- 
mersion of  a  sheet  of  zinc,  in  the  proportion  of  from 
J  oz.  to  1  oz.  to  the  gallon  of  gold  solution,  and 
the  addition  of  a  small  quantity  of  oil  of  vitriol 
occasionally,  until  the  solution  becomes  quite  clear. 

(3)  The  testing  of  a  sample  of  the  clear  liquid 
with  a  colourless  solution  of  iron  sulphate  to  certify 
that  all  the  gold  has  been  thrown  down. 

(4)  The  syphoning  off  of  the  clear  acid  water  as 
near  to  the  sediment  as  possible. 

(5)  The  removal  of  the  sediment,  and  the  drying 
and  burning  of  it  in  the  boiler-furnace  to  powder. 

(6)  The  mixing  of  the  powder  with  two-fifths  of 
its  weight  of  soda-ash,  and  then  melting  the  mass 
in  a  clay  crucible  to  recover  the  metal  in  a  solid 
lump. 

(7)  The  remelting  of  the  lump  of  metal  obtained, 
under  a  layer  of  fine  charcoal  powder  in  a  plumbago 
crucible,  and  casting  into  ingot  form,  so  that  a 
parting  assay  may  be  taken  from  it  with  the  view 
of  sale  to  the  refiner  of  precious  metals  who  makes 
the  best  offer,  for  it  cannot  be  worked  up  again. 

Another  method  which  is  capable  of  extracting 
all  of  the  gold  from  cyanide  gilding  solutions  I 
will  next  bring  under  the  notice  of  my  readers, 
although,  like  the  previous  one,  I  have  never  heard 
of  its  being  adopted  in  the  jewellery  trade  for  the 
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purpose  of  extracting  the  gold  from  waste  cyanide 
liquids,  nevertheless  it  possesses  features  of  merit, 
and  may  be  utilised  with  advantage  and  profit  in 
the  recovery  of  the  gold  from  the  waste  liquids 
under  consideration.  The  method  may  be  appropri- 
ately classified  as  the  hydrogen  sulphide  process. 


CHAPTER  X 

THE   HYDROGEN   SULPHIDE   PROCESS 

The  reduction  of  the  gold  from  cyanide  of  gold 
solutions  is  effected  by  this  method  by  passing 
hydrogen  sulphide  gas  (H2S)  (also  called  sul- 
phuretted hydrogen,  and  hydrosulphuric  acid)  into 
the  solution  until  the  liquid  reddens  blue  litmus 
paper,  and  the  gas  freely  escapes,  indicating  that 
the  operation  is  completed,  when  it  is  allowed  to 
rest  for  several  hours  for  all  the  gold  to  fall  down. 
The  gold  solution  should  be  diluted  with  twice  its 
bulk  of  water.  For  the  production  of  the  hydrogen 
sulphide,  otherwise  sulphuretted  hydrogen,  which 
is  a  highly  poisonous  gas,  and  must  not  therefore 
be  inhaled,  a  good  sized  wide-mouth  jar  (similar 
to  a  pickle  jar)  is  required,  a  cork  pierced  with  two 
holes — a  thistle  funnel  with  a  long  tube  being 
fitted  in  one,  and  a  gas  delivery  tube  in  the  other. 
See  fig.  15  for  the  arrangement  of  the  apparatus. 

The  tube  of  the  thistle  funnel  should  reach 
almost  to  the  bottom  of  the  jar.  Place  in  the  jar 
some  iron  sulphide  (FeS),  replace  the  cork  with  the 
bent  delivery  tube  and  thistle  funnel,  and  pour 
diluted  sulphuric  acid  (H2SO4),  in  the  proportion  of 
1   part  acid  and  8   parts  water,  down  the  thistle 

funnel    until    the  jar   is   about    half   filled.      The 
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development  of  the  gas  begins  immediately,  and 
passes  through  the  bent  tube  into  the  gold  solution, 
when  sulphide  of  gold  (AU2S)  begins  to  precipitate 
to  the  bottom  of  the  vessel  holding  the  gold  solu- 
tion, and  in  a  very  short  time  the  whole  of  the  gold 
becomes  reduced  to  the  condition  of  sulphide  of 
gold,  a  black  precipitate  readily  decomposed  to 
metallic  gold  on  applying  a  dull  red  burning  heat 
with  exposure  to  air,  such  as  is  given  in  the  iron 


Fig.  15. — Hydrogen  sulphide  apparatus. 

boiler-furnace  in  preparing  it  ready  for  the  crucible. 
The  formula  for  the  production  of  the  hydrogen  gas 
(H2S)  is  as  follows  : — 


Ferrous  sulphide 
Sulphuric  acid  . 
Water 


8  ozs.  or  16  ozs. 

5    »i    >»  10    ,, 

1  quart  or  2  quarts. 


The  first  quantity  will  require  a  jar  with  a  hold- 
ing capacity  of  2  quarts,  and  the  second  quantity 
one  of  1  gallon  capacity.  The  ferrous  sulphide 
should  be  broken  up  into  lumps  about  as  big  as 
hazel  nuts.  When  the  gold  cyanide  solution  has 
been  successfully  treated,  by  the  removal  of  all  the 
gold  from  the  liquid,  the  acid  is  poured  off  the  iron 
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sulphide  in  the  gas-generating  jar  and  clean  water 
poured  in,  so  as  not  to  cause  any  further  develop- 
ment of  gas,  and  when  the  apparatus  is  required  to 
be  again  used,  the  water  is  poured  away,  and  -a 
fresh  mixture  of  acid  and  water  is  put  into  the 
vessel. 

Sulphide  of  gold  is  insoluble  in  water,  and  so  are 
the  sulphides  of  nearly  all  the  metals — sulphides  of 
potassium,  sodium,  calcium,  barium,  strontium,  and 
magnesium  being  the  exceptions. 

The  chemical  reactions  in  the  hydrogen  sulphide 
generating  jar  proceed  readily,  when  once  started, 
without  the  application  of  heat ;  the  sulphide  of 
iron  decomposes  the  sulphuric  acid,  its  hydrogen 
combining  with  the  sulphur  of  the  iron  sulphide 
forming  "  sulphuretted  hydrogen  gas,"  which  by 
means  of  the  delivery  tube  provided  for  its  convey- 
ance, enters  the  vessel  containing  the  gold  solu- 
tion, throwing  down  the  gold  as  sulphide  of  gold 
(AU2S),  whilst  the  undecomposed  or  free  acid  in  the 
generating  jar  dissolves  and  unites  with  the  iron, 
as  the  sulphur  becomes  liberated,  forming  sulphate 
of  iron,  which  is  retained  in  the  liquid.  Hydrogen 
sulphide  gas  is  possessed  of  acid  properties  in 
solution  with  water,  and  reddens  blue  litmus  paper. 
Its  acid  properties  decompose  the  cyanide  and  acts, 
therefore,  in  these  solutions  as  an  aid  to  the 
complete  reduction  of  th^  gold  by  causing  it  to 
remain  insoluble  in  the  liquid.  The  changes  which 
take  place  in  the  gas  generating  vessel  are  shown 
in  the  following  equation  : — 

FeS      +    HgSO^    =  FeSO^     +    HjS. 

Ferrous        Sulphuric     Ferrous       Hydrogen 
sulphide,     acid.  sulphate,     sulphide. 
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Hydrogen  sulphide  gas  produces  no  precipitate 
in  zinc  sulphate,  iron  sulphate,  or  nickel  sulphate 
solutions  when  acid  is  present.  To  reduce  these 
metals  from  acid  liquids  by  means  of  sulphuretted 
hydrogen  gas,  the  acid  will  require  to  be  first 
neutralised  or  destroyed  by  an  alkali  like  ammonia, 
as  the  combinations  of  these  metals  with  sulphur 
are  soluble  in  dilute  acid  solutions.  In  alkaline 
solutions  they  are,  however,  reduced  by  sul- 
phuretted hydrogen  to  metallic  sulphides  of  the 
respective  metals  and  remain  insoluble,  while  sul- 
phide of  gold  precipitated  from  acid  liquid  becomes 
redissolved  by  alkaline  sulphides — that  is  to  say,  if 
sulphuretted  hydrogen  gas  is  passed  through  an 
acid  solution  containing  platinum  or  gold  till  no 
further  precipitation  takes  place,  the  metallic  pre- 
cipitates formed  will  be  insoluble  in  acids,  with  the 
exception  of  aqua-regia,  but  soluble  in  excess  of 
alkaline  sulphides,  notably  those  of  potassium, 
sodium,  and  ammonium,  with  which  they  form 
double  salts. 

Hydrogen  sulphide  gas  may  be  produced  by  dilute 
oil  of  vitriol  acting  on  sulphide  of  potassium  (K2S), 
commonly  called  liver  of  sulphur.  The  same 
arrangement  is  made  use  of  in  its  preparation  as 
the  one  just  described  and  illustrated  (fig.  15),  {a) 
being  the  generating  vessel,  and  (6)  the  precipitating 
vessel.  The  liver  of  sulphur  is  employed  in  small 
pieces,  and  is  put  into  the  jar  along  with  the  water 
before  the  cork  containing  the  thistle  funnel  and 
delivery  tube  is  fixed  in,  and  then  the  oil  of  vitriol 
is  added,  by  degrees,  by  means  of  the  thistle  funnel. 
In  this  process  of  making  the  gas  the  reactions 
occurring  in  the  generating  vessel  are  partly  the 
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same  as  those  in  the  previous  process,  the  evolution 
of  the  gas  depending  upon  the  following  change  of 
substances : — The  liver  of  sulphur  decomposes  the 
water  and  oil  of  vitriol,  the  sulphur  of  the  former 
uniting  with  the  hydrogen  of  the  two  latter  and 
thus  forming  the  required  gas  ;  the  potassium  com- 
bining with  the  liberated  oxygen  and  free  acid  to 
form  sulphate  of  potassium  (K2SO4),  which  remains 
behind  in  the  solution,  the  sulphuretted  hydrogen 
gas  alone  passing  through  the  delivery  tube  into 
the  solution  from  which  the  gold  is  to  be  pre- 
cipitated.    It  may  be  expressed  thus  : — 

K2S       +       H2SO4   ^   K^O^     + H2S 

Potassium         Sulphuric      Sulphate  Hydrogen 

sulphide.  acid.  potassium.        sulphide. 

The  proportions  of  the  different  substances  em- 
ployed in  the  preparation  of  the  gas  from  potassium 
sulphide  may  be  as  follows  : — 

Potassium  sulphide       .         .         8  ozs.      or  16  oza. 
Sulphuric  acid     .         .         .         2    ,,        „    4    „ 
"Water  ....         1  quart   „    2  quarts. 

When  the  gold  has  all  been  precipitated,  which 
requires  some  time  before  it  is  all  precipitated  to 
the  bottom  of  the  vessel,  and  the  liquid  must  appear 
perfectly  clear  before  it  can  with  safety  be  drawn 
off  to  avoid  loss  of  gold.  From  time  to  time  samples 
of  the  liquid  should  be  taken  and  put  into  a  clean 
glass  test  tube  or  tumbler,  and  a  few  drops  of  a 
clear  solution  of  ferrous  sulphate  (FeS04)  added, 
when,  if  no  discoloration  takes  place,  there  will 
not  be  any  gold  left  in  the  solution,  and  it  may  be 
drawn  off  and  transferred  to  the  general  waste  water 
receptacles  (if  you  are  not  satisfied  as  to  the 
effectiveness  of  the  process),  and  there  undergo  a 
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further  process  of  treating  and  filtering  before  being 
allowed  to  run  away  into  the  drains. 

The  gold  obtained  after  precipitation  by  hydrogen 
sulphide  gas  is  scraped  out  of  the  vessel  (which 
should  have  a  very  smooth  surface,  else  it  is  difficult 
to  collect  together  all  the  finely  precipitated  gold) 
and  introduced  into  the  boiler-furnace  and  subse- 
quently dried  to  powder,  then  slowly  heated  red- 
hot  with  access  of  atmospheric  air ;  this  treatment 
causes  the  sulphur  to  unite  with  the  oxygen  of  the 
air,  and  to  be  evolved  in  the  condition  of  sulphurous 
acid  gas  when  the  product  becomes  reduced  to 
metal  for  melting  purposes.  The  same  flux  (soda- 
ash)  being  in  that  case  employed,  and  in  the  same 
proportions  (two-fifths  of  its  weight)  as  recom- 
mended for  melting  the  precipitate  resulting  from 
the  "  zinc-acid  process,"  when,  if  the  operations  are 
well  performed,  there  will  be  found  less  percentage 
of  loss  from  wastage  than  is  frequently  the  result 
from  some  of  the  methods  employed.  Gold  sulphide 
is  completely  reduced  by  melting,  being  separated 
into  metallic  gold  and  sulphur. 

When  sulphuretted  hydrogen  gas  is  employed  in 
the  "nascent"  state  to  precipitate  the  gold  from 
diluted  cyanide  solutions  and  their  rinsing  waters, 
only  a  little  acid  is  required  to  be  added  to  assist 
the  action  of  the  gas,  as  this  gas  itself  possesses  the 
nature  of  an  acid  at  the  time  it  is  being  first 
generated,  and  sufficient  of  the  gas  in  its  nascent 
state  must  be  allowed  to  pass  in  until  its  action  on 
blue  litmus  paper  shows  that  property  by  turning 
it  red  when  immersed  in  the  solution  into  which 
the  gas  is  being  conveyed  ;  but  if  it  should  not  show 
this  reaction  some  gold  may  remain  in  the  liquid, 
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and  it  will  be  advisable  to  add  to  the  gold  solution 
a  further  small  quantity  of  oil  of  vitriol  by  degrees, 
until  it  does  give  this  change  of  colour  to  the  litmus 
paper.  A  solution  of  cyanide  is  alkaline  and  the 
sulphuretted  hydrogen  gas  is  acid. 

Sulphide  of  potassium  (K2S),  commonly  called 
liver  of  sulphur,  will  precipitate  gold  to  the  insoluble 
condition  from  some  auriferous  liquids,  but  they 
must  be  acid.  The  chief  of  which  is  the  reduction 
of  gold  from  weak  aqua-regia  and  chlorine  solutions 
by  this  well-known  alkaline  sulphide  salt,  and  if  it 
will  throw  down  the  gold  from  weak  acid  liquids 
containing  it  in  the  form  of  chloride,  why  will  it  not 
also  precipitate  the  gold  to  the  insoluble  condition 
from  the  double  cyanide  of  gold  and  potassium 
solutions  it  may  be  required  to  know,  as  it  generates 
the  same  kind  of  gas  (H2S)  as  that  produced  by  liver 
of  sulphur  in  the  generating  vessel  already  described 
and  illustrated  (fig.  15)  ?  The  reason  is,  because 
the  liver  of  sulphur  when  added  as  a  liquid  to  the 
gold  cyanide  does  not,  having  no  acid  properties, 
effectively  decompose  the  cyanide  of  potassium  to 
cause  the  precipitate  of  sulphide  of  gold  produced  to 
remain  insoluble,  for  almost  immediately  as  fast  as 
the  gold  is  precipitated  it  becomes  redissolved  again, 
through  the  action  of  the  alkaline  sulphide  salt  of 
potassium  forming  a  double  salt  in  which  the  gold 
is  soluble.  The  acid  properties  of  the  hydrogen 
sulphide  which  is  thus  generated,  being  so  feeble 
that  the  alkalinity  of  the  solution  is  not  sufficiently 
neutralised  to  cause  the  gold  to  be  precipitated  in  a 
form  so  as  to  remain  in  the  insoluble  state,  the 
precipitate  of  gold  sulphide  being  redissolved  by 
the  alkaline  sulphides  in  the  solution  nearly  as  fast 
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as  it  is  formed.     Sulphide  of  gold  thus  produced 
being  soluble  in  excess  of  sulphide  of  potassium. 

Potassium  sulphide  will  not,  therefore,  precipitate 
the  gold  from  solutions  of  the  double  cyanide  of 
gold  and  potassium  in  a  commercially  practical 
manner,  although  it  apparently  renders  them  clear 
looking,  but  if  a  very  little  solution  of  copperas  is 
added  to  gold  cyanide  solutions  after  treatment 
with  sulphide  of  potassium,  a  red-black  cloudy 
colouration  will  be  imparted  to  the  liquid,  and  this 
continues  to  be  produced  to  the  end  of  the  opera- 
tion, indicating  that  gold  still  exists  in  the  solution 
after  every  endeavour  to  extract  it  has  been  ex- 
hausted by  means  of  sulphide  of  potassium,  thus 
showing  that  gold  is  soluble  in  sulphocyanide  of 
potassium.  But  when  the  solution  is  acid  the  gold 
thrown  down  is  insoluble.  The  immersion  of  a 
small  sheet  of  zinc,  and  the  addition  of  a  very  little 
oil  of  vitriol  to  the  resulting  double  sulphocyanide 
solution,  will  completely  precipitate  the  whole  of 
the  gold  to  the  metallic  state,  and  render  the  liquid 
standing  above  the  sediment  which  has  fallen, down 
quite  clear  and  transparent ;  and  if  then  to  this 
liquid  the  copperas  testing  fluid  be  again  made  use 
of,  no  chemical  action  will  take  place,  and  no  colour- 
ation of  the  liquid  will  be  observed  to  have  been 
imparted  to  it,  thus  indicating  that  every  atom  of 
gold  has  been  removed  from  the  solution,  and  fully 
demonstrating  that  the  "  Zinc-acid  method "  of  re- 
covering gold  from  double  alkaline  solutions  has 
properties  equal  to  those  it  possesses  for  recovering 
gold  from  acid  solutions.  This  knowledge  is,  I 
believe,    now    given    to    the    community    for    the 

first  time. 

8 
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A  very  useful  and  efficient  portable  iron  boiler- 
furnace  for  drying  and  burning  precipitated  sub- 
stances, or  any  other  waste  products  of  precious 
metal  workers,  is  that  manufactured  by  Messrs  K. 
Cruickshank,  Limited,  Birmingham,  and  herewith 
illustrated,  fig.  16,  and  one  with  a  holding  capacity 


Fig.  16. — Portable  iron  boiler-furnace. 

of  over  6  gallons  of  liquid  can  be  purchased  for 
27s.  6d.^ ;  larger  sizes  being  made,  with  a  corre- 
sponding increase  in  the  price.  It  is  thus  described 
by  the  manufacturer  : — "  They  are  constructed  on 
the  slow  combustion  stove  principle,  the  fire  box, 
collar  for  supporting  piping  and  outside  jacket  being 
cast  in  one  piece.  The  furnace  boiler  which  fits 
into  this  is  also  cast  with  a  broad  flange,  which  fits 
firmly  on  the  outer  rim  and  forms  a  flue  space 
between  the  inner  boiler  and  outside  jacket.     The 

*  Pre-war  price. 


The  Hydrogen  Sulphide  Process  115 

boiler  is  fitted  with  a  dome  cover,  in  the  centre  of 
which  is  another  disc  6  to  9  inches  diameter,  which 
also  lifts  out.  All  the  separate  parts  are  fitted  with 
handles  for  convenience  in  removing ;  it  stands  on 
four  legs,  and  requires  no  foundation.  It  is  made 
of  plain  cast  iron,  and  may  be  used  as  a  boiler  for 
liquids,  as  also  to  burn  any  waste  material." 

A  small  fire  is  lighted  under  the  boiler,  or  a  gas 
burner  may  be  used,  and  this  is  often  found  suffi- 
cient for  many  purposes,  as  the  iron  casing  prevents 
the  escape  of  heat,  an  outlet  being  provided  to 
allow  the  fumes  to  escape. 

Gold  sulphide  sediments  have  most  of  their 
sulphur  removed  by  drying  and  burning  for  some 
time  with  access  of  air  in  iron  boiler-furnaces,  as 
the  iron  acts  as  a  reducing  agent  to  the  gold ;  the 
sulphur,  on  being  liberated,  passes  through  the 
piping  in  sulphurous  vapours,  and  metallic  gold  is 
left,  not  pure,  but  mixed  with  some  sulphur  and 
other  non-metallic  extraneous  substances  (all  of 
which  will  leave  the  gold  on  the  residue  being 
melted)  that  are  precipitated  by  the  gas  from  the 
solution,  which  subside  to  the  bottom  of  the  vessel 
along  with  the  gold,  and  form  a  part  of  the  residue 
to  be  heated  in  the  boiler  furnace. 

If  you  have  not  an  iron  boiler-furnace  of  either  of 
the  illustrated  descriptions  I  have  spoken  of,  an 
iron  pan  may  be  used,  if  desired,  in  which  to  per- 
form the  drying  and  burning.  The  burnt  dry 
powder  is  then  mixed  with  two-fifths  of  its  weight 
of  soda-ash  (soda-ash  takes  up  sulphur  from  the 
sulphides  and  makes  the  slag  more  liquid),  next 
transferred  to  a  clay  crucible,  and  melted  until  it 
is  in  clear  fusion  and  does  not  rise  in  the  crucible. 


ii6    Precious  Metals  from  Waste  Liquid  Residues 

The  whole  contents  may  then  be  poured  out  into 
an  open  casting  mould,  or  may  be  left  in  the 
melting  pot,  which  is  broken  after  the  gold  has 
become  solid,  when  it  will  be  found  in  the  form  of 
a  button  in  the  bottom  of  the  crucible  underneath 
the  slag,  and  from  which  it  may  readily  be  separated. 
This  method  causes  the  loss  of  the  crucible,  but 
clay  crucibles  are  cheap,  and  it  is  not  safe  to  use 
one  a  second  time,  unless  it  is  set  inside  a  plumbago 
one,  in  case  it  breaks.  Acidified  products  act  on 
the  crucibles,  as  also  do  most  of  the  fluxes  used  for 
the  reduction  of  the  residues  of  gold  to  the  solid 
state,  and  it  is  a  good  plan  to  coat  the  inside 
of  clay  crucibles  (when  melting  residues  of  the 
above  kind)  with  a  paste  of  whiting  and  water, 
well  rubbing  it  into  the  pores  of  the  clay,  and 
afterwards — before  using — give  the  pot  a  sufficient 
warming  to  thoroughly  dry  the  whiting.  This 
will  safeguard  the  crucible,  by  offering  considerable 
resistance  to  the  action  of  the  fluxes.  A  plumbago 
crucible,  when  employed  to  protect  one  of  clay, 
in  the  manner  above  stated,  will  stand  from  30 
to  40  different  times  of  heating.  In  order  to 
avoid  too  much  frothing  when  melting  dried 
cyanide  and  other  alkaline  waste  products  they 
should  be  well  dried  and  burnt,  as  far  as  it  is 
possible  to  do  it,  without  causing  the  residue 
to  agglomerate  and  form  into  a  solid  refractory 
substance. 

If  the  chloride  of  tin  test  gives  a  white  cloudy 
colouring  to  liquids  from  which  the  gold  has  been 
precipitated  by  means  of  a  zinc  plate  and  a  little  oil 
of  vitrol,  and  a  white  spongy  sediment  is  produced, 
it  is  caused  through  the  presence  of  sulphate  of 
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zinc  in  the  solution.     Chloride  of  tin  is  precipitated 
by  sulphate  of  zinc,  and  clean  metallic  zinc  becomes 
tinned  in  a  solution  of  chloride  of  tin.     On  the  other 
hand,  chloride  of  tin  is  not  precipitated  by  chloride 
of  zinc,  nor  is  there  any  change  of  colour  given  to 
the  liquid  by  the  admixture.     The  remedy,  when 
the  above  difficulty  presents  itself,  is  to  add  a  little 
hydrochloric  acid  to  a  sample  of  the  liquid  holding 
sulphate  of  zinc  in  solution,  before  testing  it  with 
chloride  of  tin.     Hydrochloric   acid  does  not  pre- 
cipitate sulphate  of  zinc,  but  without  even  changing 
the  colour  of  the  fluid  converts  it  into  chloride  of 
zinc.      This    acid,    therefore,    shows    no    outward 
chemical  action,  but  simply  prepares  the  liquid  in  a 
clear  condition  so  that  the  *'  tin -testing  fluid  "  may 
be    employed    without    causing    any    undesirable 
chemical  reactions  to  be  set  up  when  a  few  drops 
of  the  latter  mixture  are  added  to  the  sample  liquid 
about   to   be  tested ;  and   when  there  is  no   gold 
remaining  in  the  solution  from  which  the  sample 
has  been  taken,  not  the  least  colouration  will  then 
be  imparted  to  the  liquid  which  is  being  tested  by 
the  tin  chloride.     Thus,  when  a  little  hydrochloric 
acid  is  present  in  the  solution,  the  tin  chloride  may 
be  used,  with  perfect  accuracy,  for  testing  liquids 
from  which  the  reduction   of  the   gold   has   been 
efi'ected  by   any   of  the   known    methods,    and   so 
delicate    is    this    test,    that    it    will    indicate    the 
presence  of  one-thirteenth  of  a  grain  of  gold  in  a 
little  more  than  a  gallon  of  solution,  by  imparting 
at   once  a  faint  reddish-brown  colouration   to   the 
quantity  of  fluid  (250  grs.)  selected  for  sampling,  if 
placed   in   an    ordinary    "  test   tube."      The   above 
fraction  of  a  grain  of  gold   is   equivalent   to   the 
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detection  by  stannous  chloride  of  1  part  of  gold  in 
1,000,000  parts  of  solution,  thus  showing  that  the 
presence  of  so  small  a  portion  as  6  grs.  of  gold  is 
easily  distinguishable  in  78  gallons  of  the  waste 
liquids  of  jewellers. 


CHAPTER  XI 

RECOVERING   GOLD    FROM    DIP-GILDING    WASTE 

Gilding  by  dipping  is  a  method  performed  without 
the  use  of  the  electric  current.  It  is  an  inexpensive 
process,  for  there  is  no  danger  of  depositing  more 
than  a  mere  film  of  gold  upon  the  work,  as  a  given 
quantity  of  gold  may  be  dissolved  and  mixed  with 
various  salts  of  potash  or  soda,  and  then  used  until 
the  gold  dip  is  exhausted,  or  very  nearly  so.  Solu- 
tions which  hold  gold  in  the  state  of  a  double  salt 
cannot  be  treated  like  those  which  hold  the  gold 
in  the  form  of  a  single  salt  by  an  acid.  Neither 
sulphate  of  iron  (copperas),  chloride  of  tin  (tin  salt), 
or  oxalic  acid  (acid  of  sorrel)  will  precipitate  gold 
from  the  former  liquids,  unless  they  are  first  treated 
by  a  mineral  acid  to  restore  the  gold  to  a  simple 
acid  salt.  This  method  cannot  be  recommended 
commercially  on  account  of  the  unhealthy  vapours 
which  arise  when  a  strong  mineral  acid  is  added 
to  liquids  holding  double  alkaline  salts  in  solution, 
to  the  cost  of  the  necessary  acid,  and  also  for  the 
reason  that  a  great  amount  of  foaming  takes  place, 
which  requires  extra  personal  care  to  be  bestowed 
to  prevent  the  overflowing  of  the  sides  of  the 
operating  vessel.  The  reactions  in  solutions  em- 
ployed for  gilding  by  dipping  on  adding  mineral 
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acids  to  them,  being  similar  in  effect  to  those  of  the 
double  cyanide  of  potassium  and  gold  solutions 
which  are  used  for  electro-gilding, 

A  good  dip-gilding  solution  will  allow  of  the 
mixture  being  replenished  with  gold,  time  after 
time,  before  being  entirely  discarded  as  of  no 
further  service,  so  that  the  rinsing  waters  resulting 
from  this  process  will  constitute  the  bulk  of  the 
waste  liquid  requiring  to  have  the  gold  extracted 
therefrom.  I  have  designed  a  very  simple  con- 
trivance for  the  reception  of  the  swilling  waters, 
to  which  is  added  the  dip-gilding  mixture  when 
it  has  to  be  thrown  away.  This  contrivance  is 
automatic  or  self-acting,  and  is  thoroughly  reliable 
in  extracting  the  gold  from  all  waste  liquids  of  the 
above  kind,  as  well  as  from  others  of  a  similar 
description. 

The  principle  of  the  method  is  confined  to  a  two- 
tub  precipitating  and  filtering  arrangement,  so  con- 
structed that  it  may  be  employed  for  the  recovery 
of  every  particle  of  liquid  gold  from  the  exhausted 
solutions  of  gold  salts,  and  the  rinsing  waters  re- 
sulting from  such  processes  as  are  generally  known 
as  "  water-gilding  or  dip-gilding,"  galvanic-gilding 
or  contact-gilding,  and  likewise  tho*se  of  "  electro- 
gilding"  by  means  of  the  electric  current.  This 
method  may  be  termed : — 

The  Self-acting  Process. 

The  precipitating  vessels  may  consist  of  disused 
paraffin  barrels  (fig.  17),  or  constructed  of  water- 
proofed wood,  and  made  to  design.  The  wooden 
vessels,  of  whatever  kind,  should  be  rendered 
impervious   with   pitch    to    the    liquid    inside,    or 
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with  a  mixture  of  pitch  and  tar,  or  one  of  pitch 
and  paraffin,  and  have  a  perforated  false  bottom 
covered  over  with  some  good  filtering  material, 
and  above  this  a  layer  of  coarse  deal  sawdust  is 
placed  to  a  depth  of  4  inches  to  act  as  a  filter,  and 
as  suction  for  holding  down  the  gold.  There 
should  be  a  space  of  about  1  inch  between  the  two 
bottoms  for  the  reception  of  the  filtered  liquid. 
The  filtered  liquid,  owing  to  the  volume  of  water 


Fig.  17. — Precipitating  and  filtering  vessels. 


above,  rises  up  through  a  narrow  waterproof  side- 
passage  to  the  outlet  near  the  top  of  the  tub,  and 
then  flows  through  the  spout  into  a  second  tub 
constructed  on  £he  same  principle.  From  the  latter 
tub  the  liquid  rises  in  the  same  way  as  from  the 
first,  but  from  the  second  tub  the  water  passes 
out  free  from  gpld,  and  is  allowed  to  drain  away. 
A  f-inch  or  a  1-inch  piping  may  be  utilised  for 
conveying  the  water  from  tub  to  tub,  providing 
the  fixing  is  properly  secured.  There  must  be 
sufficient  distance  between  the  outlet  (through 
which  the  liquid  passes  from  vessel  to  vessel)  and 
the  top  of  the  first  vessel,  to  prevent  overflowing 
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when  the  rinse  waters  are  being  poured  in — about 
3  inches  of  space  will  be  deep  enough. 

A  zinc  sheet  is  suspended  in  each  tub  in  a  vertical 
position,  and  a  little  sulphuric  acid  (oil  of  vitriol)  is 
added  gradually  to  react  on  the  zinc,  or  a  very  small 
quantity  of  hydrochloric  acid  (spirits  of  salts)  may 
be  used  if  preferred,  or  even  some  of  the  exhausted 
oil  of  vitriol  pickling  solutions.  The  acid  is  intro- 
duced to  increase  the  activity  of  the  zinc  and 
prevent  the  gold  depositing  thereon. 

Zinc  in  an  acid  solution  containing  gold  decom- 
poses the  acid  and  the  water.  It  displaces  the 
hydrogen  from  the  two  latter  and  converts  the 
former  substance,  when  oil  of  vitriol  is  used,  into 
sulphate  of  zinc  (ZnS04),  and  when  spirits  of  salts 
is  used,  into  chloride  of  zinc  (ZnCl2),  both  very 
soluble  salts  which  remain  in  the  liquid.  The  zinc 
while  being  dissolved  gives  off  "  nascent  hydrogen 
gas,"  and  this  displaces  and  precipitates  the  gold  in 
the  solid  form  as  it  passes  through  the  solution  in 
its  endeavours  to  rise  to  the  surface  and  escape.  A 
small  percentage  of  sulphuric  acid  is  sufficient  to 
incite  the  action  of  the  zinc,  and  as  the  hydrogen 
becomes  separated  from  the  water,  the  oxygen  goes 
to  the  zinc  plate  and  oxidises  it,  which  in  turn  is 
dissolved  by  the  free  acid  into  what  is  now  called 
the  sulphate  of  the  oxide  of  zinc  (ZnS04),  and  this 
passes  into  solution  while  the  gold  passes  out  and 
assumes  the  metallic  state. 

Owing  to  the  solvent  action  of  the  oil  of  vitriol 
on  the  zinc,  the  zinc  will  dissolve  in  quantities  out 
of  all  proportion  to  the  weight  of  gold  which  is 
being  separated  from  the  liquid  waste.  Very  great 
care  should  therefore  be  taken  in  adding  the  right 
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proportion  of  acid  to  the  waste  liquid,  or  larger 
plates  of  zinc  will  be  required,  for  it  is  not  owing  to 
the  quantity  of  zinc  which  is  dissolved  that  the 
gold  is  separated  from  solution,  but  to  the  volume 
of  nascent  hydrogen  that  is  generated  in  the  waste 
liquid  collecting  receptacles  upon  which  the  full 
measure  of  success  depends.  Sulphate  of  zinc 
does  not  precipitate  gold.  The  following  formula 
will  be  found  suitable  for  the  reduction  of  the 
gold  from  all  classes  of  the  liquid  wastes  now 
under  consideration  : — 

Dip-gilding  solution    .         .     1  gallon  or  10  gallons 
Sheet  zinc  .         .         .       ^  oz.      „     5  ozs. 

Sulphuric  iicid    .         .         .     1      „       „  10    „ 

The  gold  (as  will  also  the  other  metals  which  may 
be  in  solution)  falls  down  out  of  the  liquid  on  to  the 
filter  beds  as  a  metallic  powder,  and  when  it  is 
desired  to  remove  the  gold  from  the  vessels,  the 
supernatant  water  above  the  sediments  is  decanted 
off,  or  syphoned  away  from  it,  when  the  whole 
sedimentary  product,  gold,  sawdust,  and  filtering 
cloth  is  removed  from  each  vessel  and  dried  in  the 
boiler  furnace,  at  a  slow  heat  at  first,  to  oxidise  any 
hydrate  of  zinc  that  may  be  mechanically  mixed 
with  it,  the  heating  being  continued  until  the  saw- 
dust and  the  cloth  is  burned  to  powder.  The  saw- 
dust will  prevent  the  mass  forming  into  a  hard 
clinker-like  substance  as  the  burning  nears  com- 
pletion, particularly  if  an  occasional  stirring  is  intro- 
duced into  the  operation  it  will  do  much  to  prevent 
caking. 

There  will  be  no  necessity  to  dilute  these  waste 
liquids  with  water  after  they  are  put  into  the  collect- 
ing   vessels,  for   they  will   be  already    sufficiently 
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diluted  to  permit  of  the  precipitation  of  the  gold, 
as  the  volume  of  the  rinsing  waters  will  be  much 
larger  in  proportion  to  those  of  the  gold-dipping 
mixtures,  and  this  prepares  the  solution  in  quite  a 
suitable  condition  to  receive  the  zinc  sheet  and 
its  excitant.  But  when  the  dip-gilding  mixtures  are 
treated  separately  they  will  require  to  be  diluted 
with  two  volumes  of  water. 

It  is  advisable  to  test  the  water  running  off  from 
the  second  tub  to  waste  occasionally  with  one  of 
the  "  testing  fluids  "  to  certify  that  it  is  quite  free 
from  gold. 

The  sediment  is  taken  out  of  the  tubs  at  regular 
periods  according  to  the  rule  of  the  establishment, 
when  it  will  be  found  that  a  quantity  of  organic 
matter  and  foreign  substances  have  fallen  down 
with  the  gold,  which  (with  the  sawdust)  adds 
largely  to  the  bulk  of  the  residue,  but  during  the 
operation  of  drying  and  burning  the  foreign  sub- 
stances become  destroyed  or  oxidised,  and  the  bulk 
is  reduced  by  about  one-half  of  its  former  volume. 
If  the  precipitation  is  imperfectly  performed,  and 
much  oxide  of  zinc  is  allowed  to  get  into  the 
residue,  it  will  add  to  the  difiiculty  of  melting,  and 
a  much  larger  quantity  of  flux  will  be  required — as 
also  with  sawdust-mixed  products — to  efi'ect  a  com- 
plete fusion.  The  following  proportions  of  residue 
and  of  fluxing  salts  will,  however,  speedily  overcome 
any  little  difficulty  of  that  kind  : — 

Dip-gilding  waste  residue  .     10  ozs.  or  100  ozs. 

Soda-ash  (NagCOg)  .         .         •       4^  „   „      46   „ 
Fluor-spar  (CaFg)!   .         .         .       H  „   „      16   „ 

*  Common  salt  may  be  used  in  place  of  the  fluor-spar  if  preferred. 
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The  residue,  which  is  precipitated  by  means  of 
zinc,  consists  of  gold,  silver,  copper,  and  probably- 
more  or  less  zinc ;  this,  after  drying  and  burning, 
is  mixed  with  the  compound  flux  and  the  whole 
melted  in  a  clay  crucible.  The  above  is  an  excellent 
flux  for  the  purpose  of  melting  such  residues,  and 
originated  as  the  result  of  some  of  my  experiments 
in  melting  refractory  substances.  The  advantage  of 
the  fluor-spar  is  the  increased  fluidity  which  it  gives 
to  the  slag  produced  from  residues  mostly  non- 
metallic,  from  which  the  metal  does  not  readily 
separate,  and  a  series  of  shots  may,  in  a  thick 
fluid,  remain  in  the  slag.  The  fluor-spar  assists  in 
rendering  the  slag  so  fluid  that  all  the  metal  the 
residue  contains  passes  through  it,  after  it  has 
become  melted,  and  settles  to  the  bottom  of  the 
crucible.  The  resulting  button  of  mixed  metals, 
after  being  removed  from  the  clay  crucible,  is  re- 
melted  under  a  thin  layer  of  charcoal  powder,  as 
before  directed,  and  cast  into  a  bar.  This  is  then 
sent  to  the  refiners  as  a  rough  bar  with  the  view  of 
sale,  or  in  exchange  for  new  metal. 


CHAPTER  XII 

RECOVERING   GOLD   FROM   OLD    STRIPPING   SOLUTIONS 

Silver   and   base   metal   articles    that    have    been 

electro-gilt,  also   old  rolled  gold-plated  work,  now 

and  then  require  to  have  the  gold  stripped  off  the 

base  metal.      There  are  various  methods  of  doing 

this,  and  when  the  base  metal  consists  of  either 

silver,  copper,  gilding  metal,  brass  or  german  silver, 

it  is  customary  to  use  an  acid  stripping  solution. 

The  operation  of  removing  the  gold  is  technically 

spoken  of  as  stripping  off  the  gold,   and   this   is 

eflfected  by  immersing  the  articles  in  a  compound 

acid  solution,  which  has  the  property  of  dissolving 

the  gold  without  attacking  the  baser  metals  to  any 

remarkable  extent,  if  kept  free  from  water.      The 

acid  stripping  solution  used  for  gold  is  practically 

a  kind  of  weak  aqua-regia  dipping  mixture,  which, 

after  it  has  been  used  for  dipping  a  lot  of  work, 

becomes  saturated  with  gold  in  a  liquid  state,  and 

this  requires  recovering  at  stated  intervals,  which 

is  not  a  very  difficult  operation  if  you  go  about  it  in 

the  right  way.     The  gold  may  easily  be  recovered 

from  old  or  exhausted  acid  stripping  solutions  by 

treating  them  with  a  strong  solution  of  copperas, 

which  will  throw  down  the  metal  to  the  metallic 

state.     The  following  directions  constitute 

126 
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The  Copperas  Process 

Procure  a  large  stoneware  vessel  similar  to  fig.  18, 
into  which  put  five  times  the  quantity  of  water  that 
you  have  of  exhausted  stripping  solution — that  is  to 
say,  if  you  have  1  gallon  of  stripping  solution  from 
which  it  is  desired  to  recover  the  gold  with  absolute 
certainty,  5  gallons  of  water  must  be  mixed  with  it 


Fia.  18.  — Stoneware  precipitating  vessel. 

to  destroy  the  power  which  the  nitric  acid  has  of 
attacking  the  iron  sulphate  and  converting  some  of 
it  into  ferric  nitrate  Fe(N03)3,  or  (FeNsOg),  an 
ineff'ective  ingredient  which  obstructs  the  precipita- 
tion of  the  gold  when  excess  of  nitric  acid  is 
present,  by  altering  the  nature  of  the  real  gold 
precipitant ;  and  also  to  restrain  the  corrosive 
powers  of  the  mixed  acids,  by  distributing  them 
throughout  a  larger  area  of  the  diluted  solution, 
which  is  being  prepared  to  receive  the  copperas 
liquid.  Nitric  acid  causes  waste  of  precipitating 
salt,  and  has  to  be  destroyed  or  neutralised  before 
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the  copperas  mixture  can  exercise  the  proper  func- 
tions of  effecting  the  complete  reduction  of  the  gold. 

Pour  the  water  into  the  large  stoneware  vessel 
and  then  pour  the  stripping  solution  into  it,  a  little 
at  a  time,  stirring  with  a  piece  of  cane  or  with  a  rod 
of  smooth  hard  wood  all  the  time  the  pouring  is 
being  done.  The  water  should  not  be  added  to  the 
stripping  solution,  or  a  violent  reaction  may  take 
place  when  it  is  being  poured  into  very  strong 
vitriolised  acids.  When  all  the  acid  has  been  added 
to  the  water,  the  diluted  mixture  is  then  ready  for 
the  precipitation  of  the  gold,  to  be  eflected  by  a 
strong  solution  of  iron  sulphate  (copperas),  which 
will  remove  all  the  gold  from  the  liquid  and  deposit 
it  at  the  bottom  of  the  vessel  as  a  dark  sediment, 
consisting  of  metallic  gold  mixed  with  other  non- 
metallic  substances  which  have  separated  out  from 
the  murky  solution. 

The  copperas  salt  should  not  be  added  to  the  acid 
solution  either  in  the  crystallised  form  or  in  dry 
powder,  but  in  the  form  of  a  liquid  brought  about 
by  dissolving  the  crystals  in  hot  water,  for  the 
precipitation  of  the  gold  is  then  more  successful. 
It  will  soon  be  ascertained,  by  a  little  experience, 
how  much  copperas  solution  is  required  to  precipitate 
the  gold  from  a  given  volume  of  the  diluted  stripping 
solution,  when  the  necessary  quantity  can  be  taken 
each  time  to  eflfect  the  intended'  purpose.  A  strong 
copperas  mixture  is  prepared  on  the  following  scale  : 
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and  so  on,  in  proportion  to  the  volume  of  liquid  to 
be  treated,  to  its  acidity,  and  to  the  amount  of  gold 
it  is  supposed  to  contain. 

Add  the  copperas  solution  to  the  dilute  acid 
solution  gradually,  and  with  stirring.  The  gold 
will  be  "  thrown  down  "  as  a  finely  divided  powder, 
into  the  metallic  state.  After  sufficient  time  has 
been  given  to  allow  ths  gold  to  settle,  which  will 
only  be  a  few  hours,  a  little  of  the  solution  should 
be  withdrawn  from  the  vessel  into  a  test  tube  or 
clean  white  glass  tumbler,  and  tested  whether  the 
whole  of  the  gold  has  been  separated  from  the 
liquid  (the  existence  of  gold  is  indicated  by  a  change 
in  the  colour  of  the  liquid),  and  if  not,  more  of  the 
solution  of  copperas  must  be  added  until  the  liquid 
standing  above  the  precipitate  is  rendered  perfectly 
clear ;  and  on  sampling  this  a  second  time,  if  a  few 
drops  of  a  clear  solution  of  copperas  produces  not 
even  the  faintest  change  of  colour,  it  will  be  proof 
positive  that  every  trace  of  gold  has  been  removed 
from  the  solution,  for  a  single  atom  of  gold  would 
cause  a  faint  blue  tinge  to  be  imparted  to  the  sample 
put  into  the  test  tube.  The  chloride  of  tin  "  test," 
which  is  far  more  delicate,  and  will  detect  gold  in 
more  dilute  solutions  than  the  copperas  "  test,"  may 
be  used  as  the  testing  agent,  if  preferred.  It  can  be 
added  direct  to  gold  stripping  solution  samples 
without  any  preparation  to  receive  it,  as  muriatic 
acid  is  always  one  of  the  ingredients  of  the  mixture, 
and  if  no  action  is  perceived  on  the  addition  of  a  few 
drops  of  this  liquid,  not  excepting  even  the  faintest 
brown  tinge  of  colouration,  it  can  be  taken  as  a 
certainty  that  no  gold  is  left  remaining  in  the 
solution. 
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When  the  gold  has  settled  to  the  bottom  of  the 
precipitating  vessel,  the  clear  solution  above  it  is 
drawn  off  by  means  of  the  syphon,  or  with  a  rubber 
tube,  and  fresh  water  poured  into  the  vessel  and  the 
contents  stirred  up  well  and  allowed  to  settle.  The 
clear  liquid  being  syphoned  off  as  before,  and 
another  addition  of  water  is  then  made,  again  stirred 
and  allowed  to  settle.  This  is  repeated  in  all  three 
times  (the  washing  is  not  imperative)  so  that  the 
acid  is  nearly  all  removed  by  the  operation,  and  the 
sediment  is  ready  to  be  scooped  out  of  the  vessel 
and  transferred  to  the  boiler-furnace  for  drying  and 
burning,  and  this  reduces  the  preparing  mass  into  a 
fit  state  for  the  last  and  final  operation,  namely, 
that  of  mixing  with  the  necessary  flux  and  melting 
the  dry  gold  powder  in  a  clay  crucible  to  the  solid 
condition. 

Stripping  solutions  usually  contain  a  large  quan- 
tity of  liquid  gold,  particularly  when  they  have 
been  used  for  some  time  for  gold-stripping  purposes, 
and  extra  care  is  required  to  be  bestowed  in  the 
operation  of  precipitation  when  they  are  strongly 
acid  to  avoid  the  loss  of  some  of  the  gold,  as  a 
portion  may  easily  be  thrown  away  with  the  super- 
natant waters  through  imperfect  precipitation,  and 
it  is  advisable  to  pass  them  on  to  the  general  waste- 
water tubs,  instead  of  letting  them  flow  direct  into 
the  drains.  If,  however,  the  samples  taken  from 
the  bulk  of  the  solutions  are  correctly  tested,  and 
the  results  appear  as  above  indicated,  there  will  be 
little  danger  of  any  of  the  gold  being  wasted,  for 
the  copperas  salt  is  an  excellent  economist  in  the 
gold-working  trades. 

If  the   substance   resulting   from   stripping   was 
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attempted  to  be  melted  alone  without  any  flux 
being  added,  a  clean  melt  could  not  be  obtained,  the 
mass  in  the  crucible  would  agglomerate  and  form 
into  a  half-fused  matte  of  metal.  In  order,  there- 
fore, to  melt  such  kinds  of  metallic  products  and 
obtain  a  good  clear  fusion  and  free  the  metal  of 
non-metallic  matter  it  is  necessary  to  use  suitable 
fluxes.  The  following  flux  is  an  excellent  one  for 
the  purpose  of  melting  this  production  : — 

Gold-stripping  waste  residue       .       10  ozs.  or  100  ozs. 
Soda-ash   .         .         .         .         .         3    „     „    30    „ 
Fluor-spar         .         .         .         .         1  oz.     „    10    „ 

This  flux  will  dissolve  all  extraneous  substances 
that  are  mixed  with  the  metallic  mass,  leaving  the 
particles  of  metal  free  to  fall  through  the  thin  fluid 
and  unite  together  on  the  bottom  of  the  crucible. 
The  precipitate  resulting  from  gold  stripping  will 
chiefly  consist  of  gold,  when  the  precipitation  is 
brought  about  by  the  copperas  method,  as  that  salt 
does  not  precipitate  the  other  metals  from  acid 
solutions.  The  stripping  residue,  when  dried,  is 
thoroughly  mixed  with  the  flux  and  the  whole  is 
melted  in  a  clay  crucible.  The  crucible  should  not 
be  more  than  three-fourth  parts  filled  with  the 
mixture,  as  it  rises  a  little  during  the  earlier  part  of 
fusion.  The  amount  of  flux  needed  to  melt  this 
residue  into  clean  metal  is  given  in  the  formula, 
and  as  the  residue  is  chiefly  metallic  it  will  be 
found  amply  sufficient  for  rendering  the  slag  so 
thin  that  all  the  metal  will  easily  run  through  it 
and  settle  at  the  bottom  of  the  pot,  leaving  no 
shots  remaining  behind  in  the  slag  above  the  melted 
metal. 

The  following  is  a  brief  summary  of  the  opera- 
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tions  for  recovering  gold  from  acid  stripping  solu- 
tions by  the  copperas  method  : — 

(1)  The  dilution  of  gold  acid  stripping  solutions 
with  five  times  their  volume  of  water,  and  stirring 
of  the  mixture  while  the  acid  is  being  added  to  the 
water. 

(2)  The  precipitation  of  the  gold  with  a  strong 
solution  of  copperas,  sufficient  being  added  to 
render  the  liquid  clear. 

(3)  The  testing  of  the  clear  liquid  with  a  colour- 
less solution  of  copperas  (sulphate  of  iron),  or  of 
stannous  chloride  (chloride  of  tin). 

(4)  The  removal  of  the  clear  acid  water  as  near 
to  the  precipitate  as  possible  without  disturbing  it. 

(5)  The  removal  of  the  precipitate  from  the  pre- 
cipitating vessel,  and  the  drying  and  burning  of  it 
to  powder. 

(6)  The  mixing  of  the  powder,  after  reducing  it 
to  fineness,  with  two-fifths  of  its  weight  of  the 
aforesaid  special  flux,  or  the  same  weight  of  soda- 
ash  alone  may  be  used  to  advantage  if  it  is  other- 
wise preferred. 

(7)  The  melting  of  the  prepared  mass  in  a  clay 
crucible  to  recover  the  metal  in  a  solid  form,  and 
then  remelting  this  into  a  rough  bar  ready  for 
assaying. 

This  formula  is  more  particularly  applicable  for 
the  recovery  of  gold  from  stripping  solutions  in 
which  oil  of  vitriol  constitutes  the  basis  mineral 
acid.  The  additions  of  acid  employed  in  making  up 
the  mixture,  consisting  of  20  per  cent,  of  hydro- 
chloric acid,  and  10  per  cent,  of  nitric  acid,  thus 
forming  a  kind  of  weak  aqua-regia  by  which  the 
gold  is  dissolved.     The  hydrochloric  acid  causes  the 
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formation  of — when  silver  exists  in  the  solution — 
insoluble  silver  chloride,  which  separates  out  from 
the  liqiiid  when  it  comes  to  be  diluted  with  the 
water.  If,  however,  the  silver  should  not  all  leave 
the  oil  of  vitriol  (a  supposition  not  likely  to  happen), 
it  may  be  made  to  do  so  by  immersing  in  the  liquid 
a  sheet  of  metallic  copper,  which  will  cause  the 
precipitation  of  the  remaining  silver.  A  copper 
sheet  may  be  substituted  for  the  copperas,  in  the 
first  instance,  and  thereby  reduce  the  process  to  a 
single  operation,  as  it  has  the  power  to  precipitate 
both  gold  and  silver  from  this  mixture. 

The  Sheet  Copper  Process 

Gold  is  by  some  operatives  stripped  from  articles 
by  placing  them  in  strong  nitric  acid,  to  which 
10  per  cent,  of  dried  common  salt  is  added.  The 
gold  may  be  recovered  from  such  mixtures  by 
diluting  them  with  three  times  their  volume  of 
water  and  immersing  therein  a  sheet  of  copper, 
when  the  gold  will  be  thrown  down  into  the 
metallic  state.  Soluble  gold  and  silver  in  these 
solutions  are  both  precipitated  by  metallic  copper 
as  metallic  gold  and  silver.  To  precipitate  gold 
from  such  mixtures  by  a  solution  of  iron  sulphate 
(copperas)  an  excess  would  have  to  be  added,  as  the 
gold  will  not  be  precipitated  until  the  nitric  acid  is 
destroyed,  and  this  causes  a  quantity  of  iron  to  fall 
down  and  mix  with  the  gold  in  the  form  of  ferric 
oxide.  The  gold  precipitate  would  then  require  to 
be  treated  with  hot  hydrochloric  acid  to  dissolve 
out  the  iron  (hydrochloric  acid  dissolves  all  oxides 
of  metals  precipitated  by  adding  a  solution  of 
sulphate  of  iron  to  a  solution  of  gold),  or  the  gold 
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powder,  when  dried  and  burnt,  would  contain  too 
much  iron  oxide  to  enable  it  to  be  satisfactorily 
melted.  The  sheet  copper  method  as  a  single 
operation  is  therefore  preferable  with  nitric  acid 
solutions. 

By  other  operatives  aqua-regia  stripping  solutions 
of  special  composition  are  much  employed,  and  one 
of  these  may  be  mentioned  as  consisting  of  a  4  and 
1  mixture  of  hydrochloric  acid  and  nitric  acid. 
Such  mixtures  like  the  preceding  one  require  to  be 
diluted  with  about  four  times  their  volume  of  water, 
and  then  have  the  liquid  gold  reduced  to  a  brown 
metallic  powder  by  means  of  a  sheet  of  copper. 
The  action  depends  on  a  simple  exchange  of  metal, 
the  copper  dissolves  and  takes  the  place  of  the  gold 
in  the  solution  as  nitromuriate  or  chloride  of 
copper,  while  the  gold  at  the  same  time  as  it  is 
leaving  the  solution  is  being  reduced  to  its  natural 
state  as  a  metallic  product,  and  nitrosyl  gas  (NOCl) 
is  liberated  from  the  liquid.  Residues  reduced  by 
copper  are  easily  melted. 

The  acid  stripping  solutions  for  gold  are  generally 
of  such  a  composition,  that  if  any  silver  is  removed 
from  the  articles  submitted  to  the  mixture  for 
stripping  off  the  gold,  it  is  always  thrown  down  in 
the  form  of  insoluble  chloride  of  silver  to  the 
bottom  of  the  vessel  in  which  the  stripping  of  the 
gold  has  been  effected,  by  the  hydrochloric  acid  or 
common  salt  of  which  they  are  partly  composed. 
Some  small  portion  of  silver  may,  however,  be  held 
in  solution  in  a  concentrated  mixture  of  these  sub- 
stances, but  when  the  stripping  liquid  comes  to  be 
diluted  with  water,  all  of  the  silver  will  be  precipi- 
tated of  its  own  accord,  and  silver  chloride  is  formed 
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as  an  insoluble  substance,  which,  however,  may 
easily  be  reduced  to  the  metallic  condition  by  means 
of  a  few  pieces  of  iron  or  of  zinc  placed  in  contact 
with  the  silver  chloride  to  extract  the  whole  of  the 
chlorine  and  release  the  silver  from  its  chemical 
combinations. 

It  is  not  necessary  to  remove  the  silver  from  the 
stripping  vessel  until  the  gold  residue  is  removed. 
Stripping  oxides,  or  removing  the  green,  as  it  is 
called,  from  rolled  gold  plated  articles,  and  from 
those  of  gold,  from  6-carat  to  12-carat  in  quality, 
have  special  dipping  mixtures,  and  these,  along 
with  the  dilute  oil  of  vitriol  pickling  solutions,  and 
their  wash  waters,  should  be  saved  and  used  in 
diluting  the  strong  acid  stripping  mixtures  to 
neutralise  the  nitric  acid  because  this  oxidises  some 
of  the  ferrous  sulphate  without  any  gold  being 
precipitated,  and  by  mixing  all  together  the  gold 
can  then  be  precipitated  by  a  solution  of  ferrous 
sulphate  (copperas),  if  added  slightly  in  excess, 
without  any  detrimental  effects.  The  precipitate 
formed  being  allowed  to  subside  for  a  few  hours, 
when  the  clear  liquid  may  be  syphoned  off  and 
thrown  away,  after  which  the  precipitate  may  be 
dried  and  burnt  to  powder,  mixed  with  two-fifths  of 
its  weight  of  soda-ash,  and  melted  in  a  refractory 
crucible  until  the  whole  of  the  gold  has  collected 
together  into  a  button,  when  it  may  be  remelted  in 
the  manner  before  described,  and  sold  as  a  rough 
bar  by  assay  to  the  refiners,  or  the  burnt  powder 
may  be  sent  to  them  direct,  who  would  undertake 
to  reduce  it  and  allow  cash  for  same.  If  in  any  of 
these  mixtures  the  gold  exists  in  the  form  of  a 
double  salt,  the  oil  of  vitriol  used  in  some  of  the 
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mixtures,  being  the  strongest  mineral  acid,  restores 
the  gold  to  a  single  salt,  easily  precipitated  by  a 
strong  solution  of  copperas  to  the  metallic  state. 
Also,  if  such  mixtures  are  sufficiently  diluted  with 
water,  a  sheet  of  zinc  will  bring  about  the  same 
results,  but  as  a  rule  they  are  too  strongly  acid  for 
this  method,  and  it  is  not  always  convenient  to  find 
room  enough  to  store  tanks  sufficiently  large  for  the 
purpose,  to  enable  the  zinc  method  to  be  commer- 
cially adopted,  as  they  would  require  a  large 
quantity  of  water  ;  and,  even  if  the  room  was  avail- 
able, no  doubt  the  copperas  process  will  be  found 
the  most  simple  and  economical  if  treated  in  the 
manner  stated,  namely,  by  putting  the  stripping, 
dipping,  and  pickling  mixtures  with  their  rinsing 
waters  together,  and  dealing  with  the  whole  as  one 
liquid  product. 


CHAPTER  XIII 

RECOVERING   GOLD    FROM    PHOTOGRAPHER'S   OLD 
TONING   SOLUTIONS 

The  toning  of  photograplier's  pictures  consists  in 
giving  them  a  rich  colour  by  replacing  a  part  of  the 
silver  used  in  previous  processes  with  gold,  from  a 
neutral  solution  of  chloride  of  gold  (AuCls),  and 
when  the  gold  solution  ceases  toning,  and  a  quantity 
of  this  liquid,  along  with  the  washing,  has  accumu- 
lated in  the  collecting  vessel  so  as  to  nearly  fill  it, 
pour  into  a  hot  solution  of  protosulphate  of  iron 
(copperas),  gently  stirring  the  solution  with  a  clean 
rod  of  cane,  or  other  substitute,  not  metallic,  during 
the  time  you  are  pouring  in  the  hot  copperas 
solution.  This  reagent  will  rapidly  precipitate  the 
whole  of  the  gold  to  the  metallic  state,  which,  in  a 
few  hours,  all  will  have  parted  from  the  liquid  and 
fallen  to  the  bottom  of  the  precipitating  vessel, 
with  other  extraneous  matter  in  the  form  of  a 
muddy  sediment,  and  after  the  liquid  standing  above 
it  has  been  carefully  withdrawn,  the  residue  is 
removed  and  thoroughly  dried  in  the  drying-furnace 
until  it  is  reduced  to  a  black  powder,  when  it  may 
be  melted,  or  mixed  with  other  burned  wastes  and 
sold  to  the  refiners  in  that  condition,  after  two  or 

three  assay  trials  have  been  made.     The  gold  pre- 
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cipitate  (other  metals,  if  in  the  toning  solution,  are 
not  precipitated  by  the  hot  copperas  solution)  may 
be  washed  several  times  with  water,  allowing  it  each 
time  to  settle  well  before  pouring  the  water  off ;  the 
last  washing  should  be  done  with  dilute  oil  of  vitriol 
or  spirits  of  salts  to  dissolve  and  remove  any  oxide 
of  iron  that  may  have  gone  down  with  the  gold,  in 
case  the  toning  solution  was  not  sufficiently  acid  to 
hold  the  whole  of  the  iron  salt  in  solution-  Fig.  12 
is  a  very  suitable  vessel  in  which  precipitates  of  this 
kind  can  with  safety  be  washed,  if  the  operation  is 
carefully  performed.  The  pure  gold  left  in  the 
bottom  of  the  vessel  may  then  be  dissolved  in  aqua- 
regia,  forming  chloride  of  gold  again,  which  is 
evaporated  to  an  oily  consistency  to  drive  off  the 
nitric  acid,  when  it  can  be  dissolved  in  water  and 
used  in  the  preparation  of  a  fresh  toning  solution. 

If  any  of  the  solution  of  hyposulphite  of  soda 
(thiosulphate  or  hyposulphite),  Na2S203,  used  in 
the  process  called  fixing  to  remove  the  chloride  of 
silver  from  sensitised  paper  used  by  photographers 
to  enable  the  plate  to  stand  exposure  to  the  light 
without  change,  gets  into  the  chloride  of  gold 
toning  solution  to  form  a  double  salt,  neither  FeS04 
(protosulphate  of  iron),  SnCl2  (stannous  chloride), 
nor  C2H2O4  (oxalic  acid)  will  precipitate  the  gold 
therefrom  in  a  commercially  satisfactory  manner, 
but  on  adding  a  little  hydrochloric  acid  and  passing 
nascent  sulphuretted  hydrogen  gas  (H2S)  through 
the  solution  it  throws  down  sulphide  of  gold  (AU2S). 
Ferrous  sulphate  is  convenient  and  effective  in 
extracting  the  gold  from  most  acid  solutions,  as 
also  is  it  suitable  for  the  gold  baths  used  for  gilding 
by  dipping  with  single  acid  salts,  such  as  the  bicar- 
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bonates,  and  to  most  of  the  stripping  solutions, 
when  diluted  with  water,  the  copperas  method  is 
perfectly  adaptable,  but  ferrous  sulphate  is  not 
applicable  to  the  recovery  of  gold  from  solutions 
holding  it  in  the  form  of  a  double  alkaline  salt. 
For  example,  copperas  does  not  cause  the  gold  to 
leave  the  liquid  from  the  following  mixtures  of 
double  salts :  sulphocyanides  of  gold,  hyposulphite 
of  soda  and  gold,  sulphites  of  the  alkalies  and  gold, 
cyanide  of  potassium  and  gold,  baths  used  for 
gilding  by  dipping  when  holding  a  cyanide,  and  all 
other  solutions  which  hold  gold  in  the  form  of  a 
double  salt,  unless  they  are  first  reduced  to  single 
acid  salts  by  adding  a  quantity  of  oil  of  vitriol. 
This  method  is  dangerous,  on  account  of  the  un- 
healthy vapours  which  are  evolved,  and  to  the 
frothing  which  arises  through  the  addition  of  the 
acid  to  solutions  composed  of  double  alkaline  salts, 
and  this  treatment  may  cause  an  overflow  of  the 
sides  of  the  vessels  if  not  provided  sufficiently 
capacious  to  prevent  it. 

The  "zinc-acid  method"  devised  by  the  author 
will  most  successfully  throw  down  the  gold  and 
silver  from  all  these  solutions  of  double  alkaline 
salts  into  a  metallic  sediment,  and  will  require 
very  little  or  no  attention  in  its  application  from 
the  time  it  is  started.  For,  by  slightly  acidifying 
the  liquids  with  oil  of  vitriol  or  spirits  of  salts,  and 
suspending  therein  a  zinc  plate  in  a  vertical  position, 
all  the  gold  will  be  precipitated  in  the  course  of 
from  12  to  24  hours.  Put  the  liquid  or  liquids 
into  a  large  vessel  (see  fig.  13),  pour  into  it  a  small 
quantity  of  acid  of  either  kind,  sufficient  to  turn 
blue  litmus  paper  red,  and  immerse  therein  a  zinc 
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plate,  about  the  thickness  of  the  strongest  house 
spouting,  or  old  battery  plates  may  be  utilized  for 
the  purpose.  The  zinc  will  decompose  the  cyanide 
and  other  double  salts,  causing  the  gold  and  other 
metals  that  may  be  in  solution  to  leave  the  liquid 
with  which  they  are  in  chemical  union,  and  to  fall 
down  to  the  bottom  of  the  vessel  in  which  the 
operation  is  being  performed,  in  the  metallic  con- 
dition. After  the  zinc  plate  has  been  in  the 
solution  a  while,  it  is  advisable  to  add  a  further 
small  quantity  of  oil  of  vitriol,  which  hastens  the 
process  considerably,  this  addition  being  repeated 
at  intervals  until  the  solution  becomes  quite  clear, 
at  which  stage  every  trace  of  metal  in  the  liquid 
will  have  become  precipitated.  The  zinc  should 
only  be  very  gradually  dissolved  by  the  weak 
acidity  of  the  liquid,  and  very  little  oil  of  vitriol 
is  required  to  be  added  to  cause  chemical  reactions 
to  be  set  up  within  the  solution  to  evolve  nascent 
hydrogen  gas,  which  liberates  the  metal  from  its 
solvents,  and  reduces  it  to  a  metallic  powder. 
When  the  liquid  has  cleared  itself,  after  remaining 
unmolested  for  a  time,  the  supernatant  water  is 
syphoned  away  from  the  sediment  at  the  bottom 
of  the  vessel.  The  sediment  is  then  dried,  slowly 
at  first,  the  heat  being  continued  until  all  organic 
matter  has  been  destroyed,  and  the  product  burnt 
to  powder,  when  the  latter  is  mixed  with  two-fifths 
of  its  weight  of  soda-ash  and  melted  in  a  clay 
crucible,  in  the  manner  before  stated  in  dealing 
with  the  waste  products  resulting  from  gilding  by 
dipping,  or  of  those  from  electro-gilding,  when  a 
button  of  metallic  gold,  not  pure,  but  mixed  with 
other  metals,  is  obtained. 


CHAPTER  XIV 

USEFUL   HINTS   AND    TABLES 

Having  now  given  with  some  considerable  explan- 
atory detail  the  best  and  most  reliable  methods  for 
the  recovery  of  gold  from  the  more  prominent  of 
the  waste  liquids  resulting  from  the  manufacture 
of  jewellery  and  other  articles,  whereby  every 
particle  of  gold  may  be  extracted  with  accuracy  and 
completeness,  the  necessary  formulas  for  reducing 
the  metal  to  the  solid  condition  are  also  given  in 
the  details,  all  of  which  are  thoroughly  practical, 
and  with  ordinary  care  and  judgment  may  be 
successfully  accomplished  after  a  little  practice,  by 
any  thoughtful  and  studious  minded  operator,  and 
who  may,  by  perusing  these  articles,  come  into  the 
possession  of  some  secret  knowledge  of  such  a 
character  with  which  he  has  hitherto  been  un- 
acquainted, and  which  will  no  doubt  prove  of 
service,  for  I  may  state  that  it  has  taken  me  years 
and  years  of  close  personal  attention,  and  deep 
experimental  research  into  all  the  recesses  of  the 
subject,  to  acquire.  Methods  have  been  suggested 
in  accordance  with  the  requirements  of  the  work 
that  are  applicable  to  all  the  different  kinds  of 
waste  liquids,  whether  large  or  small  in  quantities, 
that  may  have  to  be  operated  upon. 

HI 
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Infallible  Tests  for  Gold  in  Solution 

Protochloride  of  tin  is  the  pre-eminent  test  in 
distinguishing  the  presence  of  minute  quantities  of 
gold  in  dilute  acid  solutions,  for  it  will  indicate  a 
smaller  portion  than  any  other  known  substance. 
The  addition  of  a  few  drops  of  this  liquid  to  a  dilute 
solution  containing  gold  will  present  the  following 
characteristics,  varying  in  the  following  manner, 
according  to  the  amount  of  gold  existing  therein  : — 

1.  ^^th  of  a  gr.  of  gold  in  |  oz.  of  gold  solution, 
equal  to  1  gr.  of  gold  in  120,000  grs.  of  solution — 
^Ts  gallons,  imparts  to  the  dilute  solution  a  deep 
black  colour,  its  approximate  equivalent  being  two- 
thirds  of  a  gr.  of  gold  in  1  gallon  of  liquid,  or 
48  grs.  in  72  gallons. 

2.  TTTOiF^^^  of  a  gr.  of  gold  in  ^  oz.  of  gold  solution, 
equal  to  1  gr.  of  gold  in  240,000  grs.  of  solution — 
3^  gallons,  imparts  to  the  dilute  solution  a  brown- 
black  colour,  its  approximate  equivalent  being 
one-third  of  a  gr.  of  gold  in  1  gallon  of  liquid,  or 
24  grs.  in  72  gallons. 

3.  -jswuu^^  of  a  gr.  of  gold  in  ^  oz.  of  gold  solution, 
equal  to  1  gr.  of  gold  in  480,000  grs.  of  solution — 
6j  gallons,  imparts  to  the  dilute  solution  a  red- 
brown  colour,  its  approximate  equivalent  being 
one-sixth  of  a  gr.  of  gold  in  1  gallon  of  liquid,  or 
12  grs.  in  72  gallons. 

4.  -fiyiyQth.  of  a  gr.  of  gold  in  ^  oz.  of  gold  solution, 
equal  to  1  gr.  of  gold  in  960,000  grs.  of  solution — 
12^  gallons,  imparts  to  the  dilute  solution  a  faint 
brown  colour,  its  approximate  equivalent  being 
one- twelfth  of  a  gr.  of  gold  in  1  gallon  of  liquid, 
or  6  grs.  in  72  gallons. 
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Beyond  this  diluteness  the  change  in  the  colour 
of  the  liquid  is  only  very  faintly  distinguishable. 

Protosulphate  of  iron  is  also  a  conclusive  test  in 
distinguishing  the  presence  of  gold  in  dilute  acid 
solutions,  but  it  does  not  indicate  the  presence  of 
quite  so  small  a  portion  as  the  protochloride  of  tin. 
The  addition  of  a  few  drops  of  a  saturated  solution 
of  this  salt  to  a  dilute  solution  containing  gold  will 
present  the  following  characteristics,  varying  in  the 
following  manner,  in  conformity  with  the  amount 
of  gold  present : — 

1.  :5^th  of  a  gr.  of  gold  in  ^  oz.  of  gold  solution, 
equal  to  1  gr.  of  gold  in  120,000  grs.  of  solution — 
1-j^  gallons,  imparts  to  the  dilute  solution  a  dark 
brown  colour,  its  approximate  equivalent  being 
two-thirds  of  a  gr.  of  gold  in  1  gallon  of  liquid, 
or  48  grs.  in  72  gallons. 

2.  TWTith  of  a  gr.  of  gold  in  ^  oz.  of  gold  solution, 
equal  to  1  gr.  of  gold  in  240,000  grs.  of  solution — 
S^  gallons,  imparts  to  the  dilute  solution  a  dark  blue 
colour,  its  approximate  equivalent  being  one-third 
of  a  gr.  of  gold  in  1  gallon  of  liquid,  or  24  grs.  in 
72  gallons. 

3.  ^x^th  of  a  gr.  of  gold  in  J  oz.  of  gold  solution, 
equal  to  1  gr.  of  gold  in  480,000  grs.  of  solution — 
6^  gallons,  imparts  to  the  dilute  solution  a  pale  blue 
colour,  its  approximate  equivalent  being  one-sixth 
of  a  gr.  of  gold  in  1  gallon  of  liquid,  or  12  grs.  in 
72  gallons. 

4.  3o\)ot^  of  ^  gr.  of  gold  in  ^  oz.  of  gold  solution, 
equal  to  1  gr.  of  gold  in  720,000  grs.  of  solution — 9f 
gallons,  imparts  to  the  dilute  solution  a  faint  blue 
colour,  its  approximate  equivalent  being  one-ninth  of 
a  gr.  of  gold  in  1  gallon  of  liquid,  or  8  grs.  in  72  gallons. 
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Beyond  this  diluteness  the  colour  is  very  faint, 
and  perceived  with  difficulty.  It  will  thus  be 
observed  that  the  protochloride  of  tin  test  is  a 
more  delicate  one  than  the  protosulphate  of  iron. 
Both  tests  have  to  be  very  carefully  prepared  ;  they 
must  be  freshly  made  and  in  a  quite  clear  state, 
to  bring  about  the  above  changes  in  the  colour  of 
the  gold  solution,  when  testing  for  the  presence  of 
gold  in  inJSnitesimal  quantities.  The  gold  solution 
also  has  to  be  in  a  very  clear  state  to  bring  about 
results  that  are  satisfactory  and  complete.  The 
colouration  that  takes  place  in  the  gold  liquid 
resulting  from  the  reactions  of  both  these  chemical 
tests,  when  employed  in  seeking  for  the  presence  of 
gold  in  very  dilute  solutions,  always  appears  deeper 
tinted  if  the  liquid  is  held  with  your  back  to  the 
light,  so  that  the  light  is  reflected  from  it,  instead 
of  held  between  the  eye  and  the  light  and  passing 
the  light  through  it. 

Table  showing  the  weight  of  crystallised  copperas 
salt  and  the  quantity  of  water  required  to  dissolve 
it,  to  precipitate  from  1  gallon  of  jeweller's  waste 
liquids  the  following  proportional  parts  of  gold, 
when  prepared  in  accordance  with  the  stated 
directions. 


Waste  Liquid. 

Copperas. 

Water. 

Gold  Precipitated. 

1  gallon 

I  oz. 

IJ  ozs. 

1  dwt. 

h    .. 

2i     » 

2  dvvts. 

1    „ 

5       „ 

4            M 

2  ozs. 

^pint 

8      „ 

4    „ 

1       „ 

16      „ 

6    „ 

U     „ 

24      „ 

8    „ 

1  quart 

32      „ 
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The  above  table  of  proportions  of  the  various 
substances  will  be  as  near,  approximately,  as  my 
experience  can  dictate,  after  very  careful  observation 
and  experimental  research  into  the  subject  of  every 
kind  of  liquid  wastes  resulting  from  the  manu- 
facture of  jewellery,  and  also  from  other  artistic 
work  in  which  the  precious  metals  form  a  part. 

Table  showing  the  different  percentages  of  loss  of 
gold  in  stated  volumes  of  solution,  occurring  daily 
and  weekly  in  jewellery  factories,  including  the 
relative  money  value  of  the  respective  portions  of 
gold  lost. 


1 

2 

3 

4 

5 

6 

Percen- 
tage of 

Gold  per 
gallon 

of  water. 

Water 
used 
daily. 

Percentage  of  Gold 

lost  daily  in  grs. 

and  dwts. 

Water 

naed 

weekly. 

Percentage  of  Gold 

lost  weekly 

in  grs.  and  dwts. 

Value  of 

Loss 
weekly. 

£     s.    d. 

Igr. 

72  galls. 

72  grs.  =3  dwts. 

432  galls. 

432  grs.  =  18  dwts. 

3  16     61 

§  ,. 

72    „ 

48    „    =2      „ 

432     ,, 

288  „    =12     „ 

2  11     0 

i  „. 

72    „ 

24    ,,    =1  dwt. 

432     „ 

144   „   =  6     „ 

15     6 

i   „ 

72     „ 

12   „    =h     » 

432     „ 

72   „   =  3    „ 

0  12     9 

h  „ 

72     ,. 

8   „    =i     „ 

432     „ 

48   „  =  2     „ 

0     8     6 

h„ 

72    „ 

6    „    =1     „ 

432     „ 

36  „  =  n  „ 

0     6     4i 

To  ascertain  the  loss  of  gold  in  any  intermediate 
quantity  of  solution  is  comparatively  an  easy  matter 
of  calculation.  For  example,  column  2  represents 
72  gallons  of  liquid  passing  away  daily,  and  column  3 
represents  the  average  daily  loss  of  gold.  But  if 
only  that  quantity  of  liquid  is  being  used  weekly, 
column  3  will  then  show  the  average  weekly  loss  of 


*  Pre-war  value  at  85s.  per  oz. 
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gold.  The  money  value  of  the  lost  gold  is  then 
arrived  at  by  dividing  the  amounts  in  column  6  by 
the  number  of  working  days  in  the  week ;  and  as 
many  times  that  volume  of  liquid  is  used  so  will  the 
loss  of  gold  and  its  value  be  increased. 

When  the  loss  of  gold  is  greater  than  any  of  the 
portions  given  in  the  table,  it  will  be  noted  how 
serious  a  matter,  financially  this  part  of  the 
working  loss  of  a  large  manufactory  employing 
from  50  to  100  workpeople  becomes  in  the  course 
of  a  year,  unless  very  great  attention  is  constantly 
given  to  the  waste  liquids,  and  the  best  available 
means  are  employed  to  extract  the  gold  therefrom, 
before  allowing  the  waste  waters  to  leave  the 
premises  and  run  into  the  drains.  Innumerable 
waste-saving  devices  have  been  invented  and 
brought  into  the  factories  with  the  view  of  saving 
the  gold  in  solution,  but  most  of  them  have 
emanated  from  persons  who  have  had  no  experience 
inside  a  jeweller's  workshop,  and  know  nothing  of 
chemistry ;  or  from  some  foreign  adventurer, 
trusting  to  make  a  little  capital  out  of  unsophisti- 
cated employers,  before  leaving  this  country  for 
their  foreign  homes,  and  before  time  proves  their 
contrivances  to  be  utter  failures  and  worthless. 
Pounds  and  pounds  of  money  have  been  spent  in 
purchasing  useless  kinds  of  apparatus,  described 
as  waste-saving,  by  trustful,  though  inexperienced 
goldsmiths,  on  the  strength  of  the  praise  bestowed 
upon  them,  but  alas !  their  hopes  have  been 
shattered,  and  their  money  lost,  for  the  want  of 
a  little  due  consideration  and  investigation  into  the 
merits  of  the  contrivances,  and  their  applicability 
to    the    work    required    to    be  performed   in  each 
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individual  case — that  is  to  say,  to  the  number  of 
hands  employed,  and  to  the  quantity  and  kind  of 
liquid  that  is  allowed  to  run  to  waste  daily,  for 
unless  large  quantities  of  liquids  can  be  treated  in 
factories  as  they  ought  to  be,  only  little  hope  of 
extracting  the  whole  of  the  gold  is  possible. 

Commercially,  it  is  not  advisable  to  treat  the 
whole  of  the  solutions  separately  in  the  manner 
I  have  described,  unless  the  accumulations  are  very 
large,  the  results  of  a  great  quantity  of  work 
having  passed  through  the  different  liquids.  The 
several  solutions  may  be  collected  together  and 
treated  as  one  substance,  by  putting  them  into  the 
general  waste-water  tubs,  a  contrivance  varying  in 
construction  and  employed  in  every  jeweller's  work- 
shop, into  which  is  allowed  to  run  the  different 
liquids  (used  in  the  various  processes  of  manu- 
facturing the  wares  special  to  the  firm)  when  done 
with,  instead  of  direct  into  the  drains. 

It  is  my  intention  to  supply  my  readers  with  full 
particulars  of  two  waste  metal-saving  appliances, 
which,  by  an  arrangement  of  tanks  being  adopted 
that  I  have  designed,  are  suitable  for  treating  all 
kinds  of  liquid  waste  in  one  operation.  They  are 
self-acting,  absolutely  reliable  in  working,  inexpen- 
sive, and  are  practically  "unbeatable"  in  effecting 
the  recovery  of  the  gold  from  the  wash-hand 
waters  and  all  other  waste  solutions  in  one  process, 
by  throwing  down  the  gold,  and  duly  filtering  away 
the  waste  water  at  the  same  time,  for  the  whole  of 
the  gold  (unless  it  is  floating  gold)  will  have  left  the 
solution  before  it  reaches  the  filtering  vessel  in 
which  every  portion  of  floating  gold  will  be 
retained,  thus  nothing  of  any  value   passes  away 
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with  the  filtered  liquid  as  it  leaves  the  last  of  the 
series  of  receptacles,  and  it  is  then  in  a  perfectly 
fit  state  for  running  off"  the  premises,  even  if  they 
consisted  of  the  largest  kind  of  manufacturing 
establishments. 


CHAPTER  XV 

GOLD   PRECIPITATING   REAGENTS 

The  methods  for  the  precipitation  of  gold  from  the 
liquid  by-products  resulting  from  the  manufacture 
of  goldsmith's  work  and  jewellery,  to  which  I  have 
hitherto  alluded  specially,  are  practical  commercial 
plans  for  the  precipitation  of,  and  for  the  detection 
of  the  presence  of  gold  in  the  liquids  used  in  manu- 
facturing establishments,  and  as  much  minute 
account  has  been  brought  into  the  narration  as  I 
conceive  will  be  particularly  useful  to  those 
operators  in  factories  who  may  wish  to  educate 
themselves  in  these  matters.  Practice  and  close 
observation  will  alone  produce  skill  in  the  depart- 
ment of  gold  waste  saving,  as  erroneous  results 
must  necessarily  tend  to  heavy  pecuniary  losses  to 
employers. 

Before  proceeding  to  describe  the  methods  for 
recovering  silver  from  the  various  solutions  holding 
that  metal  in  the  liquid  condition,  I  will  devote 
short  space  to  the  consideration  of  some  other  gold 
precipitants,  taken  from  different  authorities  of 
high  standing  in  the  scientific  world.  These,  how- 
ever, are  more  suitable  to  the  laboratory  in  experi- 
mental   research    work.     They    are    all,    or    very 

nearly  all,  unsuitable  in  manufacturing  establish- 
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ments,  where  the  liquids,  when  discarded,  are  in  a 
murky  condition,  and  require  special  substances 
to  clear  them,  as  well  as  to  precipitate  the  gold. 
In  laboratory  research  work  the  liquids  are  mostly 
free  from  murky  materials,  and  are  therefore  more 
easily  dealt  with.  For  solutions  of  chloride  of 
gold,  and  for  weak  aqua-regia  liquids  of  different 
strengths  holding  gold  in  suspension,  the  following 
reagents  are  applicable  to  determine  its  presence 
and  for  its  precipitation  therefrom  : — 

Sulphurous  Acid  (H2SO3)  in  solution,  or  a 
current  of  the  gas  (SO2)  will  precipitate  the  gold 
completely,  as  a  black  precipitate  of  metallic  gold 
from  chlorine  and  weak  aqua-regia  solutions  to  the 
insoluble  state  in  nitric  acid.  When,  however,  the 
solutions  are  strongly  impregnated  with  nitric  acid, 
this  acid  must  be  destroyed  before  the  gas  is  passed 
through  the  gold  solutions.  Mr  G.  H.  Makins 
advises  a  small  quantity  of  potash  to  be  added, 
and  then  an  excess  of  sulphurous  acid,  when  pre- 
cipitation will  immediately  commence,  and  ulti- 
mately the  whole  of  the  gold  is  thrown  down  in  a 
scaly  metallic  powder  ! — Manual  of  Metallurgy. 

Cyanide  of  Potassium  (KCy)  precipitates  yellow 
cyanide  of  gold  in  neutral  solutions  of  chloride  of 
gold,  soluble  in  excess  of  the  precipitant,  but  when 
hydrochloric  acid  is  present  in  excess,  no  precipitate 
occurs  until  it  is  neutralised. — Dr  G.  Gore,  The  Art 
of  Electro-Metallurgy. 

Liquid  Ammonia  (NH4OH)  precipitates  fulmin- 
ating gold  as  an  oxide  from  weak  aqua-regia  solu- 
tions, soluble  in  cyanide  of  potassium  and  the  alkaline 
cyanides,  carbonic  acid  being  evolved.  Carbonate 
of  Ammonia  (NH4CO3)  if  added  to  a  solution  of 
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gold  chloride  precipitates  a  similar  compound.  It 
should  never  be  allowed  to  become  dry,  for  in  this 
condition  it  is  liable  to  explode  with  great  violence, 
but  so  long  as  it  is  kept  wet,  there  is  no  danger 
attending  its  use. — Mr  W.  G.  M'Millan,  A  Treatise 
on  Electro- Metallurgy. 

Magnesia,  or  Magnesium  Oxide  (MgO)  precipi- 
tates gold  in  the  form  of  an  oxide,  insoluble  in 
dilute  nitric  acid,  from  solutions  of  gold  chloride, 
and  without  evaporating  the  acid  to  render  the 
liquid  neutral.  This  oxide  of  gold  may  be  reduced 
to  the  metallic  state  by  the  action  of  light,  or  by 
heating  to  a  temperature  of  245°  F. — Mr  W.  Jago, 
Inorganic  Chemistry. 

Tartaric  Acid  (C4H6O6),  one  of  the  strongest  of 
the  organic  acids,  precipitates  gold  from  its  solution 
in  nitro-muriatic  or  nitro-hydrochloric  acid,  or  more 
simply  aqua-regia,  when  diluted  with  water,  as  a 
black  precipitate  when  the  mixture  is  boiled. — Mr 
J.  Scoffern,  M.B.,  The  Chemistry  of  Gold. 

Antimony  Chloride  (SbCla)  precipitates  gold  from 
its  chloride  solutions,  and  throws  it  down  in  the 
metallic  state. — Mr  J.  Scoffern,  M.B.,  The  Chemistry 
of  Gold. 

Caustic  Potash  or  Potassium  Hydrate  (KOH) 
precipitates  oxide  of  gold,  soluble  in  excess  of  the 
alkaline  salt,  but  when  hydrochloric  acid  is  strongly 
mixed  with  the  solution  no  precipitate  is  formed. — 
Mr  T.  K.  Rose,   The  Precious  Metals. 

Alkaline  Oxalates,  such  as  those  of  potash,  soda, 
ammonia,  and  calcium,  precipitate  metallic  gold  in 
dilute  aqua-regia  solutions,  especially  on  the  applica- 
tion of  heat. — Mr  T.  K.  Rose,  The  Precious  Metals. 
Sulphide  of  Ammonium  (NH4HS)  and  Sulphu- 
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retted  Hydrogen  (H2S)  precipitates  gold  as  a  dark 
brown  and  black  powder  insoluble  in  excess  of  the 
precipitants  in  acid  solutions,  soluble  in  alkaline 
solutions. — Dr  Lyon  Playfair,  Lectures  on  Gold. 

Carbonate  of  Soda  (Na2C03)  and  Carbonate  of 
Potash  (K2CO3)  no  precipitate  in  cold  solutions,  but 
when  heated  voluminous  precipitate  like  oxide  of 
iron. — Dr  Lyon  Playfair,  Lectures  on  Gold. 

Bicarbonate  of  Soda  (NaHCOa)  and  Bicarbonate 
of  Potash  (KHCO3)  no  precipitate. — Dr  Lyon 
Playfair,  Lectures  on  Gold. 

Tannic  Acid  (C14H10O9),  an  organic  acid,  and  best 
obtained  from  nut  galls,  precipitates  gold  from  weak 
chloride  solutions. — Mr  G.  Frownes,  A  Manual  of 
Chemistry.  (Tea  leaves,  after  the  tea  has  been 
brewed,  have  been  recommended  as  a  precipitant 
for  gold  in  the  waste  waters  of  jewellers,  but  they 
are  of  no  earthly  use,  for  the  tannin  they  originally 
contained  is  exhausted  in  the  brewing  of  the  tea.) — 
G.  E.  Gee. 

Sulphide  of  Potassium  (K2S)  precipitates  gold 
from  its  solutions,  soluble  in  excess  of  potassium 
sulphide.  This  alkali  throws  down  finely  divided 
gold  in  a  cold  solution  of  AuCla. — Mr  G.  H.  Makins, 
Manual  of  Metallurgy. 

Protonitrate  of  Mercury  (Hg2N206)  throws  down 
gold  in  a  very  finely  divided  state  in  the  form  of  a 
dark  blue  or  black  powder  from  the  chloride  of  gold 
solution. — Mr  G.  H.  Makins,  Manual  of  Metallurgy. 

Sodium  Sulphite  (Na2S03),  Hyposulphite  of  Soda 
(Na2S203),  and  Potassium  Sulpho-cyanide  (KCyS) 
will  precipitate  gold  from  a  clear  neutral  solution  of 
its  chloride  when  acidulated  with  a  few  drops  of 
hydrochloric  acid.     Soluble  in  excess  of  the  pre- 
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cipitants. — Messrs  C.  and  J.  J.  Beringer,  Text-Booh 
of  Assaying. 

Oxide  of  Zinc  (ZnO)  and  Oxide  of  Magnesium 
(MgO),  if  put  into  a  neutral  solution  of  gold  chloride 
and  heated,  will  throw  down  nearly  all  the  gold  as 
oxide,  if  the  precipitants  are  used  in  excess. — Mr  G. 
H.  Makins,  Manual  of  Metallurgy. 

Sulphuretted  Hydrogen  (H2S)  precipitates  me- 
tallic gold  at  212°  F.,  but  at  lower  temperatures 
mixtures  of  gold,  sulphur,  and  sulphides  of  gold  are 
thrown  down.  Pure  hydrogen,  unless  nascent,  does 
not  appear  to  act  on  chloride  of  gold. — Mr  T,  K. 
Rose,  The  Precious  Metals. 

According  to  Mr  G.  H.  Makins  and  other  scien- 
tists, many  organic  compound  substances  precipitate 
gold  from  a  solution  of  the  terchloride  when  assisted , 
by  light  and  heat.    Included  in  these  are  gallic  acid, 
which,  when  added  to  a  dilute  acid  solution,  throws, 
it  down  as  a  yellow  precipitate. 

Citrate  and  acetate  of  potash  will  each  precipitate 
it ;  charcoal,  which  acts  best  in  boiling  it  with  the 
mixture ;  tartrate  of  potash  precipitates  gold  from 
the  terchloride,  as  will  sugar  boiled  in  it,  and  also 
tartrate  of  soda  when  the  mixture  is  heated,  but  the 
action  of  all  these  salts  will  be  prevented  by  the 
presence  of  hydrochloric  acid  and  nitro-muriatic 
acid  in  excess  in  the  mixtures.  There  are  other 
precipitants  given  in  various  "  text-books,"  but 
sufficient  has  been  said  to  show  that  they  are  not 
eligible  for  the  uses  of  the  workshop,  and  I  will 
thus  leave  the  matter  where  it  now  stands,  and 
proceed  to  describe  the  methods  to  be  adopted  for 
saving  the  waste  silver  existing  in  the  liquids 
resulting  from  manufacturing  processes  in  which 
that  metal  forms  the  principal  material. 


CHAPTER  XVI 

RECOVERING   SILVER  FROM  SILVER-PLATING  SOLUTIONS 

The  methods  employed  for  the  recovery  of  the 
silver  from  old  silver-plating  solutions  and  the 
residuary  liquids  in  electro-plating  works,  and  in 
manufacturing  workshops  engaged  in  working  this 
metal,  have  never  been  of  a  satisfactory  kind. 
Many  silver-plating  solutions  are  often  spoiled  by 
unsuccessful  endeavours  to  improve  them  when  the 
working  is  unsatisfactory.  The  chief  causes  being 
attributed  to  impurities,  such  as  dust  and  carbonate 
of  potash,  getting  into  the  solutions ;  to  adding 
excess  of  cyanide  of  potassium  or  other  substances ; 
to  the  articles  not  being  freed  from  grease ;  to  too 
much  "brightening  liquid"  being  added,  and  to 
numerous  other  causes  which  I  need  not  enumerate 
further,  and  when  it  is  found  impossible  to  correct  the 
faulty  working  of  a  solution  it  is  necessary  to  recover 
the  silver  therefrom  and  make  a  new  solution. 

There  are  three  general  methods  of  recovering 
the  silver  from  worn-out  or  spoiled  solutions  and 
the  waste  residuary  liquids  resulting  therefrom,  but 
none  of  them  are  quite  satisfactory.  They  are  as 
follows : — 

1.  By   the    "  dry   process "   of    evaporating    the 

solution,  from  which  it  is  desired  to  recover   the 
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silver,  to  dryness  in  a  boiler  furnace  if  large  in 
quantity,  and  further  heating  the  residue  to  redness, 
in  order  to  destroy  all  organic  matter,  and  then 
melting  the  residue  in  a  clay  crucible  to  recover  the 
silver  in  a  metallic  button.  No  flux  is  required 
with  this  method  to  cause  the  metal  to  fuse  and 
collect  together  in  the  bottom  of  the  crucible,  as 
the  salts  of  potash,  combined  with  the  carbonaceous 
matter  of  the  burnt  residue,  are  sufficient  for  fluxing 
purposes.  This  operation  is  slow,  even  if  you  have 
the  necessary  apparatus,  and  will  depend  largely 
upon  the  volume  of  the  liquid,  and  then  it  requires 
considerable  attention  to  prevent  boiling  over  the 
sides  of  the  vessel  unless  of  sufficient  capacity  to 
avoid  the  difficulty.  The  operation  is  also  some- 
what dangerous,  as  cyanogen  fumes  are  given  off" 
during  the  evaporation.  Small  quantities  of  solu- 
tion may  be  evaporated  over  a  water  bath  with  less 
danger  of  boiling  over,  and  there  is  no  waste  of 
silver  in  performing  the  operation,  but  it  takes  a 
long  time  to  evaporate  the  whole  of  the  liquid  away. 
The  method  usually  practised  by  gold  and  silver 
refiners  for  recovering  the  silver  from  electro-plating 
solutions  is  to  evaporate  the  liquid  to  dryness  in 
specially  constructed  drying  pans,  and  then  melt 
the  residue  remaining,  but  is  expensive  on  account 
of  the  time  it  takes. 

2.  By  the  "wet  process"  of  precipitating  the 
silver  from  electro-plating  solutions,  which  have  to 
be  abandoned,  by  means  of  muriatic  acid,  is  another 
method  frequently  followed  by  workers  in  the 
electro-plating  trades.  The  solutions  require  to  be 
diluted  with  an  equal  bulk  of  water,  and  if  they 
contain  an  excess  of  cyanide  of  potassium,  twice  their 
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bulk  of  water  should  be  added  to  weaken  its  effects, 
as  sufficient  muriatic  acid  is  required  to  be  poured 
in  until  the  liquid  exhibits  a  distinct  acid  reaction, 
when  a  white  precipitate  of  chloride  of  silver  is 
obtained,  if  the  solution  is  not  too  strongly  con- 
taminated with  foreign  impurities  ;  but  if  it  is,  then 
it  may  appear  of  a  colour  between  a  reddish  white 
and  dark  brown.  Dangerous  hydrocyanic  acid 
fumes  are  given  off  by  this  operation,  as  sufficient 
acid  must  be  employed  in  small  portions  at  a  time 
with  stirring  to  throw  down  all  the  silver  present 
in  the  solution  in  the  form  of  silver  chloride,  and 
the  greater  is  the  excess  of  cyanide  of  potassium 
the  more  acid  will  be  required  to  decompose  it,  thus 
causing  more  and  stronger  fumes  to  be  evolved. 
This  method  is  perfectly  practical,  and  is  very  simple 
in  its  application  and  easily  performed,  and  it  has 
this  advantage  over  some  of  the  processes  adopted, 
that  every  trace  of  silver  contained  in  the  solution 
of  cyanide  of  potassium  is  extracted  by  the  aid  of 
muriatic  acid.  The  operation  should,  however,  only 
be  performed  in  the  open  air,  or  in  a  place  where 
there  is  perfect  ventilation  to  allow  for  the  escape 
of  the  poisonous  gases,  which  are  disagreeable  and 
dangerous  to  health.  The  solutions  should  be 
treated  in  very  large  utensils,  because  the  addition 
of  the  acid  causes  the  liquid  to  rise,  and  produces  a 
large  amount  of  froth.  The  sediment  produced  is 
dried  and  then  melted  with  one-fifth  to  three-fifths 
of  its  weight  of  an  alkaline  flux,  such  as  potash  or 
soda.     Take  flux  in  the  following  proportions  : — 

\  for  chloride  of  silver  reduced  to  metal  and  unwashed 
^      „  »  »  .,  „         washed 

I       „  „  not  reduced  to  metal. 
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Muriatic  acid  added  in  excess  to  a  silver  cyanide 
solution  causes  all  the  silver  that  is  present  in  the 
solution  to  be  precipitated,  for  the  chlorine  of  the 
HCl  unites  with  the  silver,  which  then  falls  down 
to  the  bottom  of  the  vessel  in  the  form  of  chloride 
of  silver.  The  acid  in  excess  of  this  requirement 
combines  with  the  potassium  of  the  cyanide  of 
potassium,  liberating  the  cyanogen  in  the  form  of 
gas,  which  then  escapes,  and  chloride  of  potassium 
is  formed  in  the  solution.  To  avoid  too  rapid  an 
evolution  of  cyanogen  gas  the  muriatic  acid  should 
only  be  added  a  little  at  a  time  with  stirring,  and 
care  must  be  taken  not  to  stand  directly  over  the 
solution,  nor  to  breathe  the  poisonous  vapours  which 
arise.  Sufficient  acid  must  be  poured  into  the 
solution  to  decompose  the  cyanide  and  extract  the 
whole  of  the  silver.  When  blue  litmus  paper  is 
turned  red  by  dipping  it  into  the  liquid  enough 
muriatic  acid  has  invariably  been  added  to  destroy 
the  alkalinity  of  the  cyanide  solution  and  render  it 
sufficiently  acid  to  cause  every  trace  of  silver  to 
leave  the  liquid  and  become  precipitated  as  silver 
chloride.  When  these  results  have  been  achieved, 
the  solution  is  allowed  to  rest  for  a  sufficient  time 
to  enable  the  precipitate  of  silver  chloride  to  settle 
completely  free  of  the  liquid,  after  which  the  clear 
liquid  is  poured  off,  or  otherwise  withdrawn  by 
means  of  the  syphon.  The  chloride  of  silver  is  then 
dried  and  reduced  to  the  metallic  state  by  melting 
with  soda-ash  in  the  manner  already  described.  It 
may  also  be  reduced  to  the  metallic  state  by  treating 
with  a  little  dilute  of  oil  of  vitriol  and  adding  a  few 
scraps  of  wrought  iron,  or  of  zinc,  to  extract  the 
chlorine  and  enable  it  to  combine  with  the  hydrogen 
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gas  evolved,  when  the  silver  will  separate  out  in  the 
metallic  condition,  in  the  form  of  very  small  metallic 
grains  having  a  dark  grey  appearance. 

Silver  chloride  takes  more  fluxing  salts  to  melt  it, 
in  proportion  to  its  weight,  than  most  of  the  other 
residuary  substances  of  precious  metal  workers, 
about  three-fifths  of  the  gross  weight  of  the  product 
being  the  minimum  quantity  required,  and  the 
crucible  must  not  be  filled  too  full  on  account  of 
the  frothing  that  takes  place,  and  this  may  cause 
the  contents  of  the  crucible  to  boil  over  from  the 
escape  of  chlorine  and  carbonic  acid  gases,  if  you  are 
not  very  careful. 

Silver  chloride  when  reduced  to  metallic  grains 
or  finely  divided  powder  by  means  of  hydrogen  will 
not  require  more  than  one-fifth  of  its  weight  of  flux 
to  melt  it  down  into  the  solid  condition,  if  freed 
from  most  of  the  organic  matter  associated  with  it. 
This  is  done  by  washing  the  sediment  produced  in 
reducing  the  silver  chloride  to  the  metallic  condition. 

Iron  or  zinc  in  the  presence  of  dilute  muriatic 
acid  or  of  dilute  oil  of  vitriol  rapidly  reduces  silver 
chloride  to  the  metallic  state  at  the  ordinary 
temperature.  The  chloride  of  silver  should  not  be 
dried,  when  it  is  desired  to  perform  this  operation, 
as  it  does  not  reduce  the  silver  so  readily  when  in  a 
dried  condition.  The  acid  mixtures  consist  of  10 
parts  of  water  to  1  part  of  acid,  whichever  kind  is 
used.  The  objection  to  this  method  is  the  length 
of  time  that  it  takes  to  reduce  all  the  silver  and  the 
liability  of  losing  some  of  the  chloride  of  silver  (if 
it  is  not  all  reduced  to  finely  divided  silver),  or  of 
metallic  silver,  during  the  washing  operations  to 
free  it  from  impurities. 
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Chloride  of  silver  is  insoluble  in  water  and  in 
acids.  It  is,  however,  readily  dissolved  by  strong 
solutions  of  ammonia,  cyanide  of  potassium,  hypo- 
sulphite of  soda,  and  partly  so  by  a  concentrated 
solution  of  common  salt. 

3.  By  the  "battery  process"  of  electro-depositing 
the  silver  on  to  a  metallic  cathode  by  means  of  an 
electric  current  from  a  powerful  battery,  or  from  a 
dynamo  or  other  sources  of  electricity,  is  another 
method   for   treating    spoilt    cyanide    solutions   to 
recover  the  silver.     If  the  battery  is  made  use  of 
for  recovering  the  silver,  a  piece  of  sheet  iron  is 
attached  to  both  wires  proceeding  from  the  battery 
— negative  and  positive — to  act  for  both  the  anode 
and  the  cathode.      The  silver  solution   should   be 
diluted  with  an  equal  bulk  of  water,  when,  after  the 
battery  has  been  in  action  for  some  time  under  a 
powerful  current,  the  silver,  or  the  greater  portion 
of  it,  will  be  deposited  on  the  cathode  as  a  loose 
powder   during   the   time    the   electric   current   is 
passing  through  the  solution,  and  this  continues  to 
drop  down  into  the  bottom  of  the  vessel  in  which 
the   operation   is    being    performed,    and   may   be 
recovered  in  the  same  manner  as  any  other  pre- 
cipitate.    The  cyanide  solution,  when  diluted,  does 
not  attack  the  iron  anode  which  remains  passive  in 
the  solution.     A  strong  current  is   used  so  as  to 
cause  the  silver  to   deposit   upon   the    sheet   iron 
cathode  in  a  non-adhering  form,  so  that  it  is  con- 
stantly  falling   ojff    as   a   metallic   powder   to   the 
bottom  of  the  receptacle,  and  the  portion  that  does 
slightly  adhere  is  easily  removed  by  brushing  with 
a  stiff  bristle  brush.     It  is  difficult  to  remove  the 
last  traces  of  silver  by  this  method  from  the  solution 
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without  continuing  the  operation  for  a  long  time, 
and  as  time  is  of  value,  it  is  not  the  best  method 
to  adopt  in  electro-plating  establishments  for  the 
recovery  of  the  silver  from  worn-out  and  spoilt 
solutions. 

The  precipitation  also  of  large  amounts  of  silver 
solution  by  the  employment  of  muriatic  acid  is  a 
difficult  operation  except  in  experienced  hands,  and 
even  then  it  is  not  an  operation  that  can  be  safely 
recommended  for  general  adoption.  For  very  small 
solutions  it  can  be  more  satisfactorily  carried  out. 

The  method  about  to  be  described  will  greatly 
simplify  the  operation  of  recovering  the  silver  from 
spoilt  cyanide  solutions  and  their  attendant  rinsing 
waters.  The  process  is  almost  free  from  danger, 
and  no  special  apparatus  is  required  in  carrying  it 
out  to  a  successful  issue.  I  shall  introduce  it  as 
the  zinc-acid  process. 


CHAPTER  XVII 

THE   ZINC- ACID  PROCESS 

The  principle  of  this  process  is  based  upon  the  fact 
that  if  a  large  piece  of  sheet  zinc  is  hung  in  an 
ordinary  cyanide  silver  solution,  or  one  diluted  with 
an  equal  bulk  of  water,  the  silver  is  precipitated,  or 
completely  thrown  down  into  a  metallic  powder  if  a 
very  small  quantity  of  mineral  acid  is  added  at  short 
intervals  ;  the  cause  being,  a  kind  of  galvanic  action 
is  set  up  between  the  metals  in  the  mixture,  which 
evolves  nascent  hydrogen,  and  this,  while  it  is 
assuming  the  gaseous  form,  decomposes  the  solution 
and  effects  a  reduction  of  the  silver  to  the  metallic 
state.  The  zinc  is  an  electro-positive  metal  to 
silver,  and  soon  displaces  that  metal  when  in  com- 
bination with  acid,  and  also  in  alkaline  solutions, 
if  they  are  first  made  slightly  acid,  leaving  the 
supernatant  waters  standing  above  the  precipitates 
perfectly  clear  and  quite  free  from  the  precious 
metals.  The  zinc  decomposes  the  cyanide  of 
potassium,  and  the  weakness  of  the  acidulated 
liquid  gradually  attacks  the  zinc  and  prevents  the 
silver  adhering  to  its  surfaces.  Besides  the  zinc 
plate,  the  only  chemical  needed  to  be  added  to  the 
silver  cyanide  solutions  is  a  little  oil  of  vitriol  or 
spirits  of  salts,  to  cause  the  necessary  reactions  to 
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be  set  up  to  convert  the  liquid  silver  to  the  solid 
metallic  condition,  but  the  solutions  must  not  be 
made  too  strongly  acid  to  corrode  the  zinc  too 
rapidly.  The  zinc  plate  has  the  property  of  gradu- 
ally decomposing  all  the  cyanide  or  other  salts  of 
silver  into  their  metallic  state  from  solutions  slightly 
acid.  Sulphuric  acid  (oil  of  vitriol)  is  the  most 
convenient  acid  to  use  along  with  the  zinc  plate,  as 
it  causes  a  quantity  of  hydrogen  gas  to  escape  from 
its  surface,  and  this,  in  its  endeavours  to  come  to 
the  surface  of  the  liquid,  searches  through  its 
interior,  displacing  some  of  the  oxygen  of  the  water 
in  its  course,  which  fastens  on  to  the  zinc  sheet, 
forming  oxide  of  zinc,  and  the  effect  of  this  oxidation 
is  to  prevent  any  of  the  silver  depositing  on  the 
zinc,  which  otherwise  it  may  do,  and  stop  the  con- 
tinuousness  of  its  precipitating  action  on  the  silver 
in  the  solution.  The  oxide  of  zinc,  as  fast  as  it  is 
formed,  is  gradually  dissolved  by  the  little  free  acid 
present  in  the  liquid  into  the  sulphate  of  the  oxide 
of  zinc,  a  very  soluble  salt,  which  remains  in  the 
liquid  form  taking  the  place  of  any  silver  which  the 
solution  may  hold  in  a  dissolved  condition.  These 
reactions  are  constantly  occurring  until  the  end  of 
the  operation  is  reached.  Sulphate  of  zinc  taken  in 
the  form  of  a  crystallized  salt  and  dissolved  in 
water,  will  not  precipitate  the  silver  from  cyanide 
solutions  as  there  is  then  no  hydrogen  generated. 
The  precipitation  of  the  silver  is  entirely  due  to  the 
electrical  action  of  the  zinc  sheet  being  immersed  in 
the  alkaline  solution  in  conjunction  with  a  very 
little  oil  of  vitriol,  which  causes  the  development  of 
nascent  hydrogen  gas,  and  also  to  its  being  an 
electro-positive  metal  to  the  metal   in   solution — 
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silver,  which  so  perfectly  throws  down  the  silver, 
leaving  no  trace  of  it  in  the  clear  liquid  standing 
above  the  precipitated  silver.  When  this  process  is 
well  performed,  the  supernatant  liquid  to  be  drawn 
off  will  be  as  clear  as  spring  water.  Any  number  of 
gallons  of  solution  may  be  operated  upon  by  this 
method,  and  no  special  apparatus,  extra  skill,  or 
costly  chemicals  are  required  to  recover  therefrom 
the  whole  of  the  silver. 

The  silver-plating  solution  from  which  the  silver 
is  to  be  recovered  may  be  placed  in  a  stoneware 
vessel  similar  to  fig.  18,  or  any  other  receptacle  that 
may  be  convenient  for  the  purpose.  Large  solutions 
may  be  dealt  with  in  a  disused  wooden  paraffin 
barrel  (see  fig.  13).  A  good  surface  of  zinc  should 
be  exposed  to  the  action  of  the  liquid,  and  sheet 
zinc  is  the  best  form  in  which  to  employ  it,  for  the 
reason  that  it  can  be  readily  withdrawn  after  the 
silver  has  been  precipitated  from  the  solution,  and 
that  the  necessary  surface  can  be  provided  without 
requiring  any  after-treatment  to  be  adopted  to 
riemove  the  fragments  of  zinc  that  would  exist  in 
the  precipitate  if  it  is  used  in  the  form  of  powder 
or  fine  turnings,  or  in  any  other  form  of  finely 
divided  zinc.  In  using  sheet  zinc,  when  the  solution 
is  slightly  acidulated  with  oil  of  vitriol,  it  is  not 
necessary  to  trouble  about  the  cleanliness  of  the 
surface,  for  if  it  is  coated  with  oxide,  the  zinc  will 
work  quite  satisfactorily,  and  any  deposit  of  silver 
will  be  prevented  from  adhering  to  it,  the  oxide 
being  dissolved  almost  as  fast  as  it  is  formed  by 
the  acidity  of  the  solution,  which  sets  up  a  kind  of 
galvanic  action  between  the  silver  in  solution  and 
the  immersed  sheet  of  metallic  zinc,  whereby  the 
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silver  becomes  precipitated,  not  on  to  the  zinc,  but 
to  the  bottom  of  the  vessel  in  which  the  operation 
is  being  conducted. 

The  larger  is  the  surface  of  zinc  exposed  to  the 
action  of  the  liquid  the  more  quickly  will  the  pre- 
cipitation of  the  silver  be  brought  about.  The 
proportions  I  am  about  to  give  are  only  approximate 
to  the  largeness  of  the  respective  solutions  to  be 
treated,  and  I  repeat,  that  it  is  not  wholly  due  to 
the  amount  of  zinc  that  becomes  dissolved  that 
the  silver  is  so  completely  precipitated,  but  to  the 
volume  of  "  nascent  hydrogen  gas  "  which  is  forming 
and  being  evolved  from  over  all  of  the  surface  of 
the  sheet  of  zinc,  and  this  gas  in  its  endeavours  to 
reach  the  surface  of  the  solution  passes  entirely 
through  it,  and  by  an  occasional  stirring,  every 
part  of  the  liquid  comes  in  close  union  with  the 
gas,  thus  completely  decomposing  the  solution,  and 
causing  every  particle  of  silver  to  leave  its  former 
associates,  and  to  fall  down  to  the  bottom  of  the 
vessel  in  which  the  gas  is  being  generated,  as  a 
metallic  sediment. 

From  ^  an  oz.  to  1  oz.  of  metallic  zinc  to  1  gallon 
of  silver-plating  solution,  and  the  same  proportions 
of  oil  of  vitriol,  will  be  ample  to  effect  the  reduction 
of  the  silver  from  most  of  the  cyanide  of  potassium 
solutions  in  general  use.  The  latter  proportions 
will  precipitate  silver  up  to  4  ozs.  per  gallon  of 
solution,  with  excellent  effect.  To  recover  the 
silver,  therefore,  from  1  gallon  of  silvering  liquid 
of  the  strongest  kind,  take  the  following  : — 

Silver-plating  solution  .     1  gallon  or  10  gallons 

Zinc  sheet  .         .         .     1  oz.        ,,10  ozs. 

Oil  of  vitriol       .        .        .     1  „         „  10   „ 
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For  large  quantities  of  silver  solution  not  so 
much  oil  of  vitriol  will  be  required,  and  it  is 
advisable  to  dilute  the  solution  with  an  equal  volume 
of  water,  where  this  can  conveniently  be  done,  as 
it  tends  to  lessen  the  soluble  action  of  the  free 
cyanide,  and  then  the  precipitation  of  the  silver 
is  effected  at  a  smaller  cost  of  the  precipitating 
substances  by  employing  reduced  proportions. 

When  the  silver  is  all  reduced  to  the  metallic 
state,  the  remaining  part  of  the  zinc  sheet  is  with- 
drawn, and  the  liquid  allowed  to  rest  for  a  time  to 
clear  itself ;  a  sample  is  then  taken  and  tested  with 
a  few  drops  of  pure  hydrochloric  acid,  when,  if  all 
the  silver  has  been  removed  from  the  liquid,  no 
chemical  action  of  any  kind  will  take  place,  nor 
will  any  change  of  colour  appear  visible  to  the  eye 
through  either  transmitted  or  reflected  light.  The 
silver  solution,  after  being  submitted  to  the  treat- 
ment described  above,  should  have  a  perfectly  clear 
and  colourless  appearance,  like  water.  It  should 
not  show  any  grey  murkiness  in  its  reflections. 
This  colouring  may  be  the  result  of  too  much 
sulphate  of  zinc  getting  into  the  solution,  and  if 
that  is  so,  the  hydrochloric  acid  will  soon  clarify 
the  liquid  sample  without  any  precipitate  being 
thrown  down,  but  if  silver  still  existed  in  the 
solution,  the  hydrochloric  acid  would  immediately 
detect  it  by  showing  a  white  cloud,  and  later,  by 
the  appearance  of  a  white  curdy  precipitate  of 
silver  chloride — hydrochloric  acid  is  the  "  test,"  pure 
and  simple,  for  silver  in  solution,  with  which  its 
chlorine  has  great  affinity  to  combine. 

The  supernatant  water  standing  above  the  sedi- 
ment should  not,  when  the   operation   is  finished, 
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show  a  milky  colouration,  but  instead,  a  clear, 
transparent,  water-white  liquid  should  result,  or 
the  operation  has  been  imperfectly  performed.  To 
prove  the  accuracy  of  this  statement  I  desire  to 
make  the  following  declaration,  before  proceeding 
to  give  further  particulars  of  the  "  zinc-acid 
process"  of  recovering  the  silver  from  electro- 
plating solutions. 

After  experimenting  for  the  extraction  of  the 
silver  from  an  old  silver  solution,  which,  when  first 
made,  contained  1  oz.  of  fine  silver  to  the  gallon  of 
water,  and  the  necessary  proportion  of  cyanide  of 
potassium,  I  found  that  less  than  ^  oz.  of  zinc  sufficed 
to  throw  down  all  the  silver  from  an  old  solution  of 
the  above  make  up.  The  small  zinc  sheet  which  I 
employed  became  coated  with  silver  at  first,  but  on 
the  addition  to  the  liquid  of  a  small  quantity  of  oil 
of  vitriol  (H2SO4)  it  at  once  removed  the  silver  from 
the  surface  of  the  zinc.  The  zinc  then  did  its  work, 
and  cleared  the  solution  of  its  silver,  and  reduced 
it  to  the  metallic  state,  the  liquid  being  rendered 
colourless  at  the  same  time.  I  next  proceeded  in 
the  way  of  experiment  to  make  a  new  solution  in 
the  following  manner,  after  having  dissolved  1  oz. 
of  fine  silver  in  dilute  nitric  acid,  then  added  to  it 
2  pints  of  water,  and  precipitated  the  silver  with 
hydrochloric  acid  (HCl)  into  the  form  of  silver 
chloride.  The  silver  chloride  was  next  redissolved  in 
a  strong  solution  of  cyanide  of  potassium,  and  made 
up  with  water  to  1  gallon  of  silver-plating  solution. 
It  then  consisted  of  the  following  ingredients  : — 

Fine  silver     .         .         .         .         .     1  oz. 
Cyanide  of  potassium      .         .         .4  ozs. 
Water 1  gallon. 
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A  sheet  of  zinc  was  immersed  in  this  solution,  to 
which,  after  a  time,  a  little  H2SO4  was  added  to 
attack  the  zinc.  The  zinc  threw  down  all  the  silver 
perfectly  into  the  metallic  state,  at  first,  without 
the  acid,  the  silver  deposited  on  the  zinc  plate,  but 
readily  brushed  off.  On,  however,  adding  the  acid, 
it  did  not  attach  itself  to  the  zinc  afterwards,  but 
precipitated  to  the  bottom  of  the  vessel.  Froth 
was  formed  all  over  the  surface  of  the  liquid  through 
the  hydrogen  bubbles  arising  from  the  decomposi- 
tion of  the  ingredients  within  the  liquid,  but  these 
soon  passed  away  and  left  the  liquid  perfectly  clear 
and  colourless  like  water.  After  a  few  hours  of 
these  reactions,  a  sample  of  the  solution  was  tested 
with  a  few  drops  of  hydrochloric  acid,  which  turned 
the  liquid  slightly  cloudy  white,  but  no  precipitate 
of  silver  chloride  appeared  visible.  The  zinc  sheet 
was  at  once  returned  to  the  solution,  and  a  little 
more  acid  added,  and  as  this  then  appeared  to  act 
too  energetically  on  the  zinc,  after  15  minutes  of 
such  action  it  was  again  withdrawn,  weighed  to 
ascertain  the  loss,  and  the  solution  allowed  to  rest 
unmolested  for  two  hours,  when  the  solution 
became  quite  clear  and  colourless,  and  on  adding 
a  few  drops  of  hydrochloric  acid  to  some  of 
the  liquid  withdrawn  into  a  test  tube,  no  change 
of  colour  whatever  was  observable.  The  zinc 
must  remain  in  the  silver  cyanide  solution 
until  HCl  has  no  action  on  the  supernatant  liquid 
above  the  precipitated  silver  when  being  finally 
tested  for  ascertaining  if  any  soluble  silver  is 
left  in  solution.  When  the  zinc  has  removed 
the  whole  of  the  silver,  the  hydrochloric  acid 
testing    liquor    will    not    cause    frothing    or    dis- 
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coloration  of  the  clear  liquid  formed  by  the  action 
of  the  zinc. 

If  the  silver  cyanide  is  not  thoroughly  decomposed, 
on  testing  for  silver  with  hydrochloric  acid,  a  white 
colouring  will  take  place,  probably  with  foaming. 
The  result  of  this  experiment,  which  was  verified 
by  others,  tends  to  show  that  1  oz.  of  silver  per 
gallon  of  solution  will  be  completely  precipitated  to 
the  metallic  form  by  1  oz.  of  zinc  and  ^  oz.  of  oil  of 
vitriol  in  12  hours,  in  which  time  all  of  the  silver  will 
have  become  separated  from  the  liquid.  The  silver 
solution  may  be  diluted  with  an  equal  volume  of 
water,  and  the  same  proportions  of  the  precipitating 
substances  above  named  employed  in  extracting  the 
silver  from  the  double  volume,  with  good  effect.  A 
little  judgment  and  experience  is  required  to 
accomplish  the  best  results,  and  each  operator 
must  be  guided  by  the  strength  or  weakness  of 
the  different  solutions  which  come  under  his  charge. 
It  ought  to  be  particularly  noted  that  the  liquids 
should,  in  the  end,  be  quite  clear,  and  without  any 
colour  tinge.  The  solution  of  silver  cyanide  only 
requires  to  be  made  weakly  acid,  just  sufficient  to 
barely  turn  blue  litmus  paper  red,  when  the  hydro- 
gen liberated  in  the  neighbourhood  of  the  zinc  will 
be  in  a  very  active  form  (while  assuming  the  gaseous 
state),  bringing  about  rapid  chemical  changes  in 
the  component  parts  of  the  liquid,  and  by  these 
reactions  the  silver  is  completely  precipitated  from 
the  solution.  It  does  not  deposit  on  the  zinc  at 
all.  Another  feature  of  the  zinc-acid  method  is 
the  removal  of  all  cloudiness  from  the  liquid,  thus 
presenting  it  in  a  suitable  form  for  testing  purposes. 

Silver-plating    solutions,    unlike    gold,    usually 
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consist  of  large  bulks  of  liquid,  probably  some 
hundreds  of  gallons  are  employed  continuously  in 
one  receptacle  in  very  many  cases  in  the  silver 
electro-plating  industries,  and  perhaps  it  may  be 
found  a  difficult  matter  to  transfer  large  volumes 
of  solution  from  one  vessel  to  another,  even  if  the 
other  vessel  formed  a  part  of  the  plant,  and  was 
empty  at  the  time  a  large  spoilt  solution  required 
to  have  its  silver  separated  from  the  liquid.  The 
dilution,    therefore,    of   such   large   solutions   with 


Fig.  19. — Silvering  vat  as  precipitating  vessel. 

water  to  reduce  the  strength  seems  entirely  out  of 
the  question  on  account  of  the  inconvenience  and 
expense.  By  my  process,  the  only  apparatus  and 
chemicals  necessary  are  a  few  pounds  of  sheet  zinc, 
a  pint  or  so  of  oil  of  vitriol,  and  a  tank  for  holding 
the  solution  (fig.  19),  which  may  consist  of  the 
original  vat,  and  its  contents  may  be  placed  under 
treatment  without  removal.  The  solutions  may  all 
be  treated  cold  and  need  never  be  warmed.  Such 
solutions  if  treated  over-night  by  the  immersion 
of  a  piece  of  sheet  zinc  and  gentle  stirring,  will 
generally  have  all  the  silver  "  thrown  down"  in  the 
morning.     To  the  vat  holding  the  silver  solution 
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when  not  filled  full  with  liquid,  it  is  always  advisable 
to  add  as  much  water  as  the  vessel  will  conveniently 
take  without  causing  it  to  eventually  overflow  from 
the  slightly  arising  froth  subsequently  set  up  by 
the  hydrogen  gas  which  is  being  generated  within 
the  solution. 

The  zinc  when  placed  in  the  solution  first  turns 
black  owing  to  a  layer  of  hydrogen  over  its  surface, 
but  this  is  soon  dissolved  off  by  the  action  of  the 
oil  of  vitriol,  and  afterwards  the  hydrogen  escapes 
from  its  surface  almost  as  fast  as  it  is  being  gener- 
ated, and  by  its  means  there  is  no  danger  of  the 
silver  adhering  to  the  surface  of  the  zinc  sheet.  It 
all  falls  ofi"  to  the  bottom  of  the  vat  as  a  finely 
divided  metallic  powder. 

When  the  precipitation  of  the  silver  is  completed, 
the  clear  solution  on  the  top  of  the  sediment  (this 
will  contain  much  organic  matter)  is  syphoned  off 
by  means  of  a  rubber  tube,  which  is  first  filled  with 
water  and  then  immersed  in  the  solution. 

Melting  the  Precipitate. 

The  precipitate  which  is  produced  consists  of  all 
the  metals  which  may  happen  to  exist  in  the  silver- 
ing solution  at  the  time  of  precipitation.  The  sedi- 
ment thus  formed  will  be  voluminous,  as  organic 
substances  are  removed  from  the  liquid  as  well  as 
the  metals,  and  to  recover  the  latter,  the  sediment 
will  require  to  be  dried  and  melted  in  a  crucible, 
assisted  by  employing  a  suitable  flux,  or  otherwise 
sent  to  a  smelting  works  in  the  dried  condition,  and 
in  as  fine  a  state  of  division  as  possible.  Another 
method  is  to  mix  it  with  the  polishings  or  other 
saved  waste,  and  send  the  resulting  product  to  be 
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smelted,  at  regular  periods  of  the  year,  by  those 
who  make  this  part  of  the  business  a  speciality. 

When  it  is  desired  to  melt  a  metallic  substance  of 
the  above  kind  in  a  wind  furnace  provided  in  a 
department  of  your  own  premises,  clay  crucibles  of 
various  construction  are  employed  in  conjunction 
with  proper  fluxes.  On  the  small  scale  this  is  the 
most  profitable  course  to  adopt.  Any  material  of  a 
metallic  nature  which  contains  the  precious  metals, 
if  dried  and  pulverised  to  a  fine  powder,  and  then 
thoroughly  mixed  with  a  good  reducing  flux  before 
melting,  may  have  the  metals  extracted  therefrom. 

The  flux  will  unite  with  the  organic  matter  and 
form  a  kind  of  liquid  slag,  while  the  metallic  sub- 
stances will  melt  and  separate  from  the  slag,  aggre- 
gating in  a  mass  at  the  bottom  of  the  crucible  in  the 
form  of  a  metallic  button  of  mixed  metals.  On 
breaking  open  the  crucible  and  turning  out  its 
contents,  the  slag  will  be  found  overlying,  and  the 
metallic  button  underneath.  By  giving  a  smart 
blow  with  a  hammer  the  slag  may  readily  be 
separated  from  the  solid  metal,  and  the  latter  is 
then  ready  to  be  remelted  for  assaying  purposes 
with  the  view  of  turning  it  into  money. 

The  crucible  should  not  be  filled  quite  full  with 
the  mixture  requiring  to  be  melted,  as  the  mass  has 
a  tendency  to  rise  up  during  fusion,  particularly  if 
the  powder  has  not  been  thoroughly  dried  to  destroy 
its  contents  of  combustible  organic  matter.  As  an 
assistant  to  this  end,  the  sediment,  after  scooping  it 
out  of  the  vat,  may  easily  have  the  remaining  liquid 
drained  away  which  you  are  unable  to  remove  with 
the  rubber  tube,  by  tying  or  nailing  the  edges  of  a 
piece  of  finely  woven  flannel  or  of  a  similar  piece  of 
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unglazed  calico  to  those  of  a  square  frame  of  wood, 
leaving  a  concavity  to  hold  the  precipitate,  and 
placing  this  in  a  manner  so  that  the  liquid  will  drain 
from  it.  It  is  then  in  a  condition  to  be  quickly 
reduced  in  the  boiler  furnace,  and  the  process 
expedited  for  melting. 

The  amount  of  reducing  flux  which  is  needed  will 
vary  with  the  material  to  be  melted.  For  residues 
containing  much  organic  impurity,  a  larger  propor- 
tion of  flux  is  necessary  than  for  those  mostly 
metallic.  For  the  former  products  the  following 
proportions  should  be  used  : — 

Silver  plating  residue       .         .     10  ozs.  or  100  ozs. 
Bisulphate  of  soda  (NaHS04)  .       3    ,,    „     30    „ 
Fluor-spar  (CaFa)    .         .         .       1    „    „     10    „ 

This  is  an  excellent  flux  for  zinc  reduced  residues, 
and  for  the  matter  of  that,  for  almost  any  kind  of 
metallic  residues  containing  gold  and  silver  it  will 
give  good  results.  The  first  named  salt  is  called 
salt  cake,  its  cost  being  only  Id.  per  lb.  It 
possesses  excellent  dissolving  properties  for  metallic 
oxides,  although  not  quite  equal  to  the  fluor-spar, 
which  quickly  dissolves  oxides,  and  also  all  kinds  of 
siliceous  matter  when  that  is  present. 

Graphite  crucibles  have  been  recommended  in 
which  the  general  class  of  dried  sedimentary  sub- 
stances of  jewellers  may  be  melted,  but  it  is  not 
found  good  practice  commercially,  for  besides  their 
being  acted  upon  by  the  fluxes  employed,  a  longer 
time  is  required  to  effect  fusion,  and  not  so  clean 
a  melt  can  be  effected,  as  some  of  the  particles  of 
metal  refuse  to  entirely  separate  from  the  slag 
which  is  being  formed,  for  detachments  of  these 
crucibles  become  united  with  the  fluxes  employed. 


The  Zinc- Add  Process  173 

thus  causing  the  fluxes  to  thicken  and  render  some 
portion  of  the  mass  within  the  crucible  infusible,  so 
that  the  smaller  particles  of  metal  have  a  difficulty 
in  draining  away  from  the  slag. 

There  is  no  fixed  time  for  allowing  the  pot  to 
remain  in  the  fire.  Sometimes  the  product  will 
melt  much  more  quickly  than  at  others,  owing,  no 
doubt,  to  the  temperature  of  the  furnace  and  to 
the  atmospheric  influences  surrounding  it,  and 
the  workman  will  have  to  be  guided  entirely  by 
circumstances  and  his  own  experiences  as  to  the 
completion  of  the  process.  But  the  heat  must  be 
continued  until  the  component  parts  in  the  crucible 
cease  emitting  gaseous  vapours  through  the  slag, 
which  is  being  formed  on  the  top  of  the  fusing 
mass  in  the  crucible,  and  until  a  tranquil  condition 
is  arrived  at,  when  the  metal  will  have  collected 
together  and  settled  to  the  bottom  of  the  crucible 
and  remain  separated  from  the  slag  after  cooling  ; 
the  crucible  may  then  be  broken  and  the  button 
of  metal  obtained,  or  the  whole  mass,  while  in  the 
melted  state,  may  be  poured  out  into  an  open 
casting  mould ;  but  it  is  advisable  to  allow  it  to 
remain  in  the  crucible  until  cool,  and  then  break 
the  crucible  so  as  to  obtain  the  silver  in  the  form 
of  a  button,  for  if  the  melted  mass  is  poured  out, 
a  portion  of  the  metal  is  apt  to  become  entangled 
with  the  flux,  and  a  difficulty  will  be  found  in 
effecting  a  clear  separation,  unless  the  slag  con- 
sisted of  a  very  thin  fluid  after  being  poured  from 
the  crucible  into  the  open  casting  mould,  so  as  to 
enable  the  fused  metal  to  drain  out  of  the  slag 
again,  when  the  silver  will  be  found  underneath  in 
an  aggregated  solid  form. 
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The  slag  is  required  to  be  rendered  so  fluid  that 
all  metal  must  settle  from  it  after  the  whole  mass 
has  melted.  In  a  thick  slag,  the  metal  does  not 
separate  out  sufficiently,  and  numerous  shots  remain 
in  the  slag.  A  good  melt  is  therefore  not  obtained. 
A  small  portion  of  nitrate  of  soda  (Chili  saltpetre), 
if  added  to  a  thick  slag,  will  quickly  give  increased 
fluidity  to  the  mass,  and  thus  enable  the  particles 
of  metal  to  freely  unite  and  settle  rapidly  out  of 
the  slag. 

Chloride  of  ammonia  (salammoniac)  has  been 
recommended  for  the  same  purpose,  and  to  assist 
the  fusion  in  melting  the  waste  products  of  gold- 
smiths. This  advice  can  only  be  acceptable  to  those 
without  any  practical  experience  of  the  work  I  am 
dealing  with.  To  those  experienced  at  the  work  it 
comes  as  a  bolt  from  the  blue,  for  salammoniac  is 
a  volatile  salt,  and  burns  away  in  the  dry  form  in 
the  nature  of  a  gas,  giving  no  liquidness  whatever 
to  the  slags  formed  as  the  result  of  melting  waste 
residues,  but  rather,  on  the  contrary,  it  tends  to 
absorb  moisture  from  the  fusing  substances  in  the 
crucible  instead  of  giving  the  required  fluidity. 

A  summary  of  the  steps  in  the  zinc-acid  process 
may  be  enumerated  as  follows  : — 

(1)  Precipitating  the  silver  with  a  sheet  of  zinc 
in  union  with  a  small  quantity  of  oil  of  vitriol. 

(2)  Removing  the  clear  liquid  standing  above  the 
sediment  thrown  down. 

(3)  Scooping  the  sediment  out  of  the  vessel  and 
the  drying  and  burning  of  it  to  powder. 

(4)  Mixing  the  powder  thoroughly,  with  a  good 
reducing  flux  of  nearly  half  its  weight. 

(5)  Melting    the   mixture  in  a  clay  crucible    to 
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collect  together  all  the  fine  particles  of  silver  into 
the  solid  condition. 

(6)  Remelting  the  button  of  silver  obtained  into 
a  rough  bar  ready  for  refining. 

(7)  Obtaining  two  or  three  assay  trials  to  ascer- 
tain its  fineness,  and  then  disposing  of  the  bar  to 
the  refiner  who  makes  the  best  ofi"er. 

The  results  of  this  process  will  serve  to  show  how 
nearly  accurate  it  is  (when  properly  carried  out)  in 
reclaiming  the  silver  from  all  kinds  of  silvering 
solutions,  for  there  is  very  little  loss  of  silver.  It 
is  also  very  simple,  and  is  easily  put  into  action. 


CHAPTER  XVIII 

THE   SULPHIDE  OF    SODIUM   PROCESS 

This  is  another  simple  method  of  recovering  silver 
from  silver-plating  solutions.  Silver  readily  unites 
with  sulphur,  and  is  precipitated  by  such  reagents 
as  sulphuretted  hydrogen,  and  the  following  soluble 
sulphides,  namely,  potassium,  ammonium,  calcium 
and  sodium.  Silver  sulphide,  unlike  gold  sulphide, 
is  barely  soluble  in  either  cyanides  of  sodium  or  of 
potassium,  or  of  their  sulpho-cyanides,  and  an  excess 
of  sulphur,  if  allowed  to  get  in  the  solution,  does  no 
particular  harm.  Sulphide  of  soda  (Na2S)  dissolved 
in  water  is  probably  the  best  ol  these  chemicals  to 
use,  as  it  is  cheaper,  and  has  been  found  to  answer 
admirably.  The  sulphide  of  soda  should  not  be 
added  to  the  silver  solution  in  crystallised  form, 
but  dissolved  into  a  liquid  in  the  following  pro- 
portions, 'pro  rata  to  the  quantity  of  silver  solution 
requiring  to  have  the  silver  extracted  therefrom. 

Sodium  sulphide        .         .         .     1  oz.  or  8  ozs. 
Water       .         .         .         .         .5  ozs.  or  1  quart. 

The  cyanide  of  potassium  silver-plating  solution 

is  more  speedily  acted  upon  by  this  reagent  if  it  is 

first   diluted   with   water,  for   the   silver   sulphide 

which    is    formed    is    rendered    insoluble   in   weak 

cyanide   solutions,  and   less   of  the   precipitant   is 
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required  to  effect  the  reduction  of  the  silver,  as  the 
water  reduces  the  strength  of  the  free  cyanide. 
The  more  water  that  can  conveniently  be  added  the 
less  danger  will  there  be  of  any  particle  of  silver 
remaining  in  the  soluble  state  in  the  solution  after 
treatment.  About  its  own,  or,  at  the  most,  twice 
its  volume  of  water  will  prevent  any  loss  of  silver. 
Add  the  sodium  sulphide  solution  little  by  little  to 
the  diluted  silver-plating  solution  and  stir  up  the 
contents  with  a  smooth  stick  of  wood.  On  first 
adding  the  precipitating  reagent  there  is  no  action, 
but  very  soon,  as  you  continue  adding  the  sodium 
sulphide,  a  brown  colouration  begins  to  show  itself, 
which  afterwards  rapidly  proceeds  to  a  much  darker 
colour  if  the  solution  is  strong.  The  black  sulphide 
of  silver  (AggS)  which  is  thus  forming  will  soon 
settle  to  the  bottom  of  the  vessel,  leaving  a  clear 
liquid  on  the  top.  The  sulphide  of  sodium  solution 
should  be  added  with  great  care,  so  that  precisely 
enough  may  be  added  to  throw  down  the  whole 
of  the  silver  to  the  insoluble  state,  and  no  more, 
although  there  is  a  wide  margin  between  the 
insoluble  and  soluble  condition  of  the  silver  sul- 
phide when  precipitated  with  this  reagent.  I  intend 
to  give  further  on  the  proportions  which  1  have 
found  to  answer  perfectly  for  the  precipitation  of 
the  silver  to  the  insoluble  state.  The  liquid  in 
the  precipitating  vessel  is  known  to  be  ready  for 
removal  when  an  addition  to  the  sulphide  of  soda 
does  not  produce  a  dark  colour,  after  having  allowed 
time  to  clear  itself,  for  this  substance  will  produce 
a  dark  colour  when  only  a  trace  of  silver  is  left  in 
the  solution. 

If  a  dark  colour  is  produced,  it  is  a  proof  that 
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silver  in  its  soluble  state  is  still  in  the  solution,  and 
more  of  the  precipitant  must  be  added  to  remove 
it,  and  until  no  reaction  of  sulphide  of  sodium  is 
produced.  When  this  point  is  reached,  all  doubt 
that  the  whole  of  the  silver  has  been  precipitated  is 
removed  by  the  application  of  a  still  more  delicate 
test — hydrochloric  acid — to  prove  the  presence  or 
absence  of  silver,  for  1  part  of  this  acid  in  200,000 
parts  of  solution  will  show  opalescence — a  grey 
colouring.  It  is  necessary  that  the  solution  should 
be  stirred  while  the  precipitating  liquid  is  being 
poured  in,  in  order  that  every  part  of  the  solution 
may  be  brought  within  its  reach.  After  allowing 
the  solution  to  stand  unmolested  for  a  time,  the 
operator  withdraws  a  little  of  the  clear  liquor  into 
a  clean  glass  test-tube,  and  adds  a  few  drops  of 
hydrochloric  acid;  if  no  precipitate  or  change  of 
colour  takes  place,  it  is  sufficient  proof  that  all  the 
silver  has  been  removed,  but  the  solution  should 
be  allowed  twelve  hours'  rest  to  enable  all  the 
precipitate  to  settle  to  the  bottom  of  the  vessel, 
when  the  liquor  standing  above  it  is  drawn  off  by 
means  of  a  syphon  or  rubber  tube,  and  the  black 
sulphide  of  silver,  which  exists  with  other  matter 
as  a  slime,  is  scooped  out  of  the  vessel  and  deposited 
in  a  concavity  formed  in  some  good  filtering  material, 
and  hung  in  a  wooden  frame  for  the  remaining 
liquid  to  drain  away.  It  is  then  further  dried  and 
burnt  to  powder  in  the  presence  of  air  in  the  boiler 
furnace,  when  most  of  the  sulphur  will  be  got  rid  of 
by  escaping  in  sulphurous  acid  vapours,  and  metallic 
silver  will  result,  if  wholly  freed  from  sulphur. 

Both  sulphurous  acid  and  the  soluble  sulphides 
'are  reducing  agents  of  great  value  in  gold  and  silver 
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liquids  when  the  metals  are  required  to  be  reduced, 
because  under  proper  treatment  they  liberate  nascent 
sulphuretted  hydrogen,  and  the  action  of  this  gas 
causes  the  metals  to  leave  the  liquid  in  which  they 
are  in  close  union,  and  to  be  precipitated  into  the 
metallic  state,  or  into  sulphides  of  the  respective 
metals,  readily  reduced  to  metal  by  exposing  them 
in  an  air  furnace  to  a  burning  heat  to  get  rid  of  the 
sulphur  by  converting  it  into  sulphurous  acid  gas. 

For  a  silver-plating  solution  containing  1  oz.  of 
fine  silver  to  the  gallon  of  water  holding  the  usual 
proportion  of  free  cyanide,  it  will  take  3  ozs.  of 
sodium  sulphide  dissolved  in  water  to  precipitate  it, 
even  if  treated  when  only  very  slightly  diluted  with 
water.  If  it  contained  2  ozs.  of  silver  per  gallon, 
6  ozs.  of  sodium  sulphide  will  be  required,  and  so 
on  in  proportion  to  the  amount  of  fine  silver  there 
has  been  dissolved  and  used  for  making  up  the 
solution.  If  you  prefer  to  treat  the  silver  solution 
after  diluting  it  with  an  equal  bulk  of  water,  then 
the  3  ozs.  of  sodium  sulphide  will  precipitate  the 
silver  from  the  resulting  2  gallons  of  solution  ;  and 
if  the  solution  is  to  be  treated  after  adding  two 
equal  volumes  of  water,  the  3  ozs.  of  sodium  sulphide 
will  still  suffice  for  throwing  down  the  silver  from 
the  3  gallons  of  solution  which  will  result  from 
the  dilution,  though  probably  a  little  less  will  be 
sufficient  when  the  solution  has  been  so  much 
weakened.  Large  quantities  of  silver  in  the  solu- 
tion will,  of  course,  require  proportionate  increases 
in  the  sodium  sulphide  compatible  with  the  weight 
of  silver  and  free  cyanide  supposed  to  be  in  the 
silvering  liquid.  But  the  above  is  a  perfectly  accu- 
rate basis  to  work  from. 
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When  the  sulphide  of  sodium  has  thrown  down 
the  whole  of  the  silver  to  the  insoluble  state  in  the 
liquid,  the  addition  of  hydrochloric  acid  will  not 
cause  frothing  or  discoloration  of  the  clear  liquid 
formed  through  the  action  of  the  sodium  sulphide. 

To  commence  the  operation  of  separating  the 
silver  from  a  cyanide  silver-plating  solution  contain- 
ing the  following  proportions  of  substances  : — 

Fine  silver  ......         2  ozs. 

Cyanide  of  potassium  .         .         .         .         8   „ 

Water  ......         1  gallon 

a  solution  of  sodium  sulphide  is  prepared  consist- 
ing of  these  proportions  : — 

Sodium  sulphide          .         .         .         .         6  ozs. 
Water 1|  pints 

Add  this  mixture  by  degrees  to  a  silver-plating 
solution  of  the  above  consistency  which  you  have 
previously  diluted  with  1  gallon  of  cold  water, 
stirring  during  the  time  the  precipitating  liquid  is 
being  poured  in.  The  solution  will  soon  begin  to 
turn  a  blackish  colour ;  allow  to  rest  for  a  few 
hours,  when  the  black  silver  sulphide  will  have 
settled  to  the  bottom  of  the  vessel  and  a  clear  liquid 
remain  on  top  of  it.  When  this  has  been  accom- 
plished, take  some  of  the  clear  liquid  into  a  test 
tube,  and  add  a  few  drops  of  pure  hydrochloric  acid. 
If  the  liquid  still  remains  quite  clear,  it  indicates 
that  all  the  silver  has  been  removed  and  no  more 
sodium  sulphide  need  be  added,  but  sufficient  of  the 
precipitating  solution  must  be  used  until  this  result 
is  brought  about,  and  no  more  silver  sulphide  is 
thrown  down.  Both  solutions  are  treated  cold,  but 
if  the  sodium    sulphide  solution  is  used  hot,  the 
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silver  will  be  more  quickly  separated  from  its 
combination  as  a  soluble  substance  and  converted 
into  an  insoluble  sulphide  of  silver,  which  readily 
separates  out  from  the  liquid.  If  the  silver-plating 
solution  is  treated  over-night  with  sodium  sulphide, 
in  sufficient  quantity  to  the  amount  of  silver  and 
free  cyanide  existing  in  the  solution,  it  will  be 
found  in  the  morning  that  all  the  silver  has  left  the 
liquid  and  taken  up  the  form  of  a  black  sediment  at 
the  bottom  of  the  receptacle  in  which  the  operation 
has  been  performed. 

The  various  operations  in  the  sodium  sulphide 
process  may  be  briefly  recapitulated  as  follows  : — 

(1)  Precipitation  of  the  silver  as  sulphide  of  silver 
by  means  of  3  ozs.  of  sodium  sulphide  dissolved  in 
three-fourths  of  a  pint  of  water  (15  ozs.)  and  adding 
this  proportion  for  every  ounce  of  silver  there  is 
supposed  to  be  in  the  solution. 

(2)  Testing  the  clear  liquid  standing  above  the 
precipitate  thrown  down  with  a  few  drops  of  pure 
hydrochloric  acid. 

(3)  Decanting  the  water  from  the  precipitate. 

(4)  Drying  and  heating  the  precipitate  in  the 
presence  of  atmospheric  air  to  convert  the  silver  to 
the  metallic  state  and  liberate  the  sulphur  in  the 
gaseous  form. 

(5)  Melting  the  silver  in  a  clay  crucible  by  means 
of  a  suitable  reducing  flux,  or  the  burned  residue 
may  be  sold  direct  to  silver  smelters,  after  grinding 
to  fine  powder,  so  that  a  satisfactory  sample  can  be 
obtained  for  assay. 
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REDUCING    SILVER    SULPHIDE    TO    METAL 

Owing  to  the  great  afl&nity  silver  has  for  sulphur, 
the  two  substances,  when  combined,  cannot  be  com- 
pletely separated  and  resolved  into  metallic  silver 
and  sulphur  by  simply  melting  alone.  Silver 
sulphide  when  melted  alone  without  any  previous 
preparation  yields  a  button  of  sulphide  of  silver, 
for  the  compound  as  then  existing  would  become 
mixed,  and  an  alloy  of  the  two  substances  formed ; 
while  sulphide  of  gold  has  the  gold  completely 
separated  from  the  sulphur  by  melting,  the  result 
being  metallic  gold  in  a  button  and  sulphur  as  a 
slag.  Gold,  unlike  silver,  has  a  feeble  affinity  for 
sulphur,  and  it  is  readily  separated  therefrom  by 
heat  alone,  without  having  to  first  oxidise  the 
sulphur,  which  is  necessary  with  silver  sulphide,  for 
sulphide  of  silver  is  unchanged  by  the  highest 
temperature,  when  heated  without  access  of  atmos- 
pheric air. 

The  ordinary  common  reducing  fluxes,  such  as 
those  principally  used  by  precious  metal  workers  to 
reduce  their  waste  residues,  do  not  appear  to  cause 
the  silver  to  reject  the  whole  of  the  combined 
sulphur,  for  while  a  solid  button  of  metallic  silver 

may  be  made  to  result,  the  slag  will  contain  some 
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unseparated  sulphide  of  silver,  even  after  long 
fusing,  and  all  the  silver  will,  therefore,  not  be 
obtained  from  the  precipitate  by  the  ordinary 
reduction  process.  The  workman  without  any 
scientific  or  chemical  knowledge  may  not  be  aware 
of  this  fact,  and  often  be  surprised  at  the  smallness 
of  the  solid  metallic  button  of  silver  he  has  recovered 
from  combined  products  of  silver  and  sulphur,  giving 
no  thought  whatever  to  the  slag  retaining  some 
portion  of  the  silver. 

The  processes  for  the  recovery  of  the  silver  from 
sulphide  precipitates  into  its  real  solid  form,  by 
decomposing  its  compounds  and  eliminating  the 
sulphur,  capable  of  adoption  by  the  manufacturer, 
are  the  following  : — 

(1)  Roasting  with  free  access  of  air. 

(2)  Melting  with  oxide  of  lead. 

(3)  Melting  in  union  with  an  oxidising  flux. 

The  first  method  is  probably  the  most  economical 
one  to  adopt,  for  as  a  general  rule,  sulphur  may  be 
expelled  from  silver  when  it  is  combined  with  it,  by 
exposing  the  compound  to  prolonged  action  of  heat 
and  atmospheric  air ;  which  treatment  first  causes 
oxidation  of  the  sulphur  by  its  uniting  with  the 
oxygen  of  the  air,  and  most  of  this  oxide  is  after- 
wards destroyed  and  evolved  in  the  condition  of 
sulphurous  acid  gas  by  prolonging  the  heating 
operation,  the  whole  of  the  silver  being  completely 
reduced  to  the  metallic  state,  if  the  heating  is  done 
gradually  and  extended  up  to  a  red-heat  without 
melting  the  product.  The  sulphur  is  generally  got 
rid  of,  either  wholly  or  in  part,  by  the  roasting 
operation,  as  it  is  commonly  called ;  that  is  to  say, 
the   silver   sulphide    on   being   exposed   to  a  high 
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temperature  in  contact  with  atmospheric  air,  most 
of  the  sulphur  burns  away  and  escapes  in  the  gaseous 
form,  but  the  heating  must  be  prolonged  to  eliminate 
the  whole  of  the  sulphur,  and  care  must  be  taken 
not  to  heat  it  too  hot  at  first,  for  if  heated  above 


Fig.  20.— Silver  sulphide  roasting  furnace. 

a  certain  temperature  alone,  the  substance  simply 
melts,  without  the  separation  of  the  silver  being 
effected. 

The  most  useful  roasting  furnace  for  workshop 
practice  is  that  designed  by  the  writer  and  shown 
in  the  illustrations.  Fig.  20  is  the  plan,  and  that 
of  fig.  21  represents  a  sectional  view  of  a  very 
excellent  apparatus  for  reducing  silver  sulphide 
precipitates.  This  furnace  is  capable  of  giving  a 
good  heat,  and  of  admitting  plenty  of  air  into  the 
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chamber.  It  consists  of  a  square  bricked  body  in 
which  the  heat  is  produced,  over  which  a  rather 
large  shallow  iron  pan  is  fixed,  in  which  the  product 
is  roasted  and  burnt,  four  iron  columns  or  pillars 
are  secured,  one  to  each  corner  of  the  brickwork  of 
the  furnace,  supporting  at  some  height  above  a 
hood  or  cover  which  contains  the  chimney  by  which 
the  heated  air  and  gaseous  vapours  are  carried  off. 
The  open  spaces,  as  seen  between  the  iron  pillars, 


Fig.  21. — Section  of  furnace. 

are  for  admitting  atmospheric  air  to  the  burning 
mass  in  the  shallow  iron  pan,  which  can  be  easily 
stirred  without  inconvenience,  when  this  operation 
is  being  performed. 

In  roasting,  the  precipitate  must  not  be  fused, 
but  kept  in  a  powdery  form,  and  repeatedly 
stirred  with  a  round  iron  rod,  about  ^  inch  in 
diameter,  having  a  flat  bent  end  for  the  distance 
of  about  1  inch,  until  no  fumes  are  given  off.  The 
heat,  in  this  operation,  requires  to  be  nicely  regu- 
lated for  some  time,  and  should  not,  when  finished, 
exceed  a  dull  red-heat.  The  stirring  is  an  important 
point  requiring  attention  in  calcining  in  a  furnace, 
in  order  to  present  the  largest  possible  surface  to 
the  action  of  the  oxygen  of  the  air,  and  prevent 
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fusion ;  for  silver  sulphide,  when  heating,  will  melt 
very  readily  at  a  low  temperature,  unless  the  surface 
be  continually  exposed  over  and  over  again  to 
the  air.  The  product  must  not  be  allowed  to 
agglutinate. 

When  the  moisture  from  the  wet  precipitate  has 
been  eliminated  in  the  form  of  steam  vapour,  the 
resulting  product  will  rise  and  ferment,  and  the 
drying  must  be  completed  at  a  very  low  heat  to 
prevent  the  fusing  of  the  sulphureous  substance, 
and  to  avoid  this  happening  the  addition  of  a  few 
handfuls  of  coarse  sawdust  will  assist  the  process. 
Constant  stirring  at  a  certain  stage  of  the  heating 
is  essential,  that  fresh  parts  of  the  product  may  be 
exposed  to  the  combined  action  of  heat  and  air  in 
turn,  and  as  the  sulphur  becomes  burnt  out,  the 
resulting  material  or  burnt  dry  powder — as  it  will 
then  be — will  stand  a  much  greater  heat  being  given 
to  it  without  its  melting,  and  the  heating  may  then 
be  continued,  without  much  danger,  until  the  residue 
left  is  burned  to  a  red-heat,  when  all  the  sulphur  is 
burned  or  oxidised  away  and  the  operation  may 
be  considered  at  an  end.  The  product  now  only 
requires  to  be  removed  from  the  furnace,  pulverised 
to  a  fine  powder,  mixed  with  a  suitable  carbonaceous 
reducing  flux,  and  melted  into  a  metallic  button  of 
silver,  for  silver  sulphide  when  well  roasted  with 
free  access  of  atmospheric  air,  for  about  three  or 
four  hours,  the  silver  is  gradually  separated  from 
the  sulphur  and  reduced  to  the  metallic  state, 
without  the  formation  of  even  a  trace  of  sulphate 
of  silver ;  for  all  of  the  sulphur  becomes  oxidised, 
the  greater  portion  escaping  in  the  form  of  sul- 
phurous acid  gas  (SOg) ;  and  even,  through  imperfect 
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treatment,  should  some  of  the  sulphur  remain 
behind,  unoxidised,  and  convert  a  portion  of  the 
residue  into  sulphate  of  silver,  when  the  residue 
comes  to  be  melted,  practically  the  whole  of  the 
silver  leaves  the  slag  and  is  reduced  to  the  solid 
metallic  condition,  the  remaining  sulphur  either 
escaping  in  fumes  or  entering  into  the  slag  as 
sodium  sulphate. 

In  melting  the  powder  resulting  from  the  above 
operation,  probably  the  best  desulphurating  reagent 
will  be  dried  carbonate  of  soda  (soda-ash),  to  which 
may  be  added  a  little  common  salt,  both  reduced 
to  fine  powder  and  carefully  mixed  with  the  silver 
residue,  in  the  following  proportions  : — 

Burnt  silver  sulphide        .         .     10  ozs.  or  100  ozs. 
Soda-ash  (NagCOg)  .         .         .       3   „     „     30    „ 
Common  salt  (NaCl)         .         .       1  oz.    ,,     10    ,, 

The  mixture  is  placed  in  a  clay  crucible,  which 
should  not  be  quite  filled,  as  there  will  be  a  little 
boiling  up  when  fusion  commences  to  take  place, 
but  the  common  salt  is  useful  in  checking  the  action 
of  products  that  cause  much  bubbling  up,  and  in 
this  case  it  will  assist  in  eff'ecting  the  reduction  of 
the  silver  as  well,  by  converting  the  sulphur  into 
chloride  of  sulphur,  a  volatile  liquid.  The  carbonate 
of  soda  is  an  oxidising  flux,  and  tends  to  separate 
the  last  remaining  traces  of  sulphur  from  a  well- 
roasted  metallic  compound  through  the  carbon  it 
contains,  and  to  isolate  the  silver  from  its  state  of 
combination,  thus  preventing  any  loss  of  silver  in 
the  slag.  Carbonate  of  potash  (pearl  ash)  may  be 
substituted  for  carbonate  of  soda,  but  it  is  much 
dearer. 

Scrap  iron  is  sometimes  added  in  melting  direct 
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a  metallic  compound  containing  sulphur,  for  the 
special  purpose  of  oxidising  and  combining  with  any- 
sulphur  which  may  be  present  in  the  product,  and 
prevent  loss  of  metal  in  the  slag.  Iron  is  used  to 
assist  in  the  separation  of  the  sulphur  as  it  combines 
with  sulphur  better  than  with  any  other  metal.  It 
is  introduced  in  the  form  of  clean  wrought  iron  nails 
or  of  a  piece  of  iron  lioop.  The  sulphur  and  iron 
unite  and  the  production  of  iron  sulphide  is  the 
result,  which  mixes  with  the  slag  or  forms  into  a 
matte  above  the  silver  ;  for  the  sulphur,  on  account 
of  its  greater  affinity  for  the  iron,  is  separated  by  it 
from  the  silver,  and  the  latter  is  consequently 
reduced  to  a  nearly  pure  metallic  state ;  but  pro- 
longed fusion,  frequent  stirring,  and  sufficient  iron 
is  necessary.  The  roasting  method  is,  however,  the 
most  simple. 

Litharge  (oxide  of  lead  (PbO)  may  be  used  as  a 
desulphurating  flux  in  melting  sulphide  of  silver, 
and  if  employed  in  sufficient  proportion,  the  metallic 
sulphides  acted  on  are  completely  decomposed,  the 
sulphur  being  mostly  oxidised  or  set  free  in  the 
gaseous  state,  when,  after  fusion,  all  the  contained 
silver  will  be  found  alloyed  with  a  portion  of  the 
lead.  The  larger  portion  of  the  litharge  as  it 
becomes  reduced  to  metallic  lead  by  the  sulphureous 
matter  in  the  product  (sulphur  reduces  fused 
litharge  to  metal),  passes  through  the  fluid  mass  in 
the  crucible,  alloys  with  all  the  silver  it  finds  in  its 
passage  downwards,  and  so  concentrates  it  in  a 
mixed  button  of  silver  and  lead  at  the  bottom  of 
the  crucible.  That  portion  of  the  litharge  which 
unites  with  the  sulphur  remains  in  the  slag  as  lead 
sulphide.     This  method  is  one  more  to  be  associated 
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with  the  smelting  industry,  as  the  argentiferous 
lead  button  can  be  passed  on  for  direct  cupellation 
for  the  separation  of  the  silver  into  its  pure  state. 
The  silver  sulphide  residue  is  finely  powdered  and 
intimately  mixed  with  its  own  weight  (or  more 
according  to  circumstances)  of  litharge,  and  melted 
in  the  usual  way  in  a  clay  crucible.  The  operation 
is  simple  enough,  but  it  has  its  disadvantages,  for 
the  litharge  attacks  and  permeates  earthen  crucibles, 
and  in  the  event  of  their  destruction  loss  of  metal 
may  result ;  it  is  also  a  much  more  expensive  flux 
to  employ,  and  for  these  reasons  it  is  one  I  cannot 
recommend  for  factory  purposes,  for  separating  the 
silver  from  its  combination  with  sulphur  by  melting 
in  a  crucible. 

In  melting  silver  sulphide  with  oxide  of  lead  it 
is  necessary  to  add  to  the  charge  enough  oxide  of 
lead,  not  only  to  oxidise  the  sulphur  present,  but 
to  collect  the  whole  of  the  silver  into  that  portion 
of  the  lead  which  is  reduced  to  the  metallic  state 
by  the  reactions  set  up  on  fusing  the  two  substances 
together,  in  which  case  the  litharge  oxidises  the 
whole  of  the  sulphur  and  causes  it  to  enter  the 
slag  on  the  surface  of  the  silver-lead  button  formed 
at  the  bottom  of  the  crucible. 

Sulphide  of  silver,  even  if  melted  along  with  an 
excess  of  metallic  lead,  is  not  completely  reduced 
to  the  metallic  state,  the  sulphide  of  lead  slag 
formed  as  a  result  of  the  sulphur  combining  with 
some  of  the  lead  contains  some  sulphide  of  silver, 
while  the  silver  which  is  liberated  from  the  sulphur 
alloys  with  the  excess  of  lead  in  the  metallic  con- 
dition ;  all  foreign  materials  of  an  organic  nature 
are,  however,  either  volatilised  or  turned  into  the 
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slag,  and  an  unadulterated  alloy  of  lead  and  silver 
obtained. 

Saltpetre  (nitrate  of  potassium,  KNO3)  is  a  de- 
sulphuriser,  and  completely  reduces  silver  sulphide 
(Ag2S)  to  the  metallic  state ;  it,  however,  should 
not  be  used  in  large  quantity  in  the  introductory 
stage  when  the  latter  is  melted  with  it,  as  it  causes 
loss  of  silver  by  oxidation  and  volatilisation  as  well 
as  sulphur,  and  sulphate  of  potassium  is  formed  in 
the  slag  as  a  result  of  some  of  the  sulphur  com- 
bining with  the  potash  of  the  saltpetre.  Nitrate 
of  soda,  NaNOa  (Chili  saltpetre),  may  be  used  as  a 
substitute  for  the  saltpetre,  if  preferred,  as  the 
action  is  similar.  For  oxidising  the  sulphur,  these 
are  the  best  substances  to  employ,  as  both  possess 
great  oxidising  properties  in  melting  metallic  sul- 
phides rich  in  silver,  although  a  loss  of  silver  always 
takes  place  through  the  cause  above  stated.  The 
nitrate  salts  of  potassium  and  sodium,  when  heated 
with  metallic  substances,  give  off  oxygen  which 
oxidises  out  the  most  easily  oxidisable  impurities, 
and  when  deprived  of  their  oxygen  the  decomposed 
nitrate  salts  of  potash  or  soda,  as  the  case  may 
be  (owing  to  the  facility  with  which  they  pass  into 
sulphates),  then  acts  as  a  reducing  agent  for  the 
metal.  The  action  of  the  nitrate  salts  is  entirely 
one  of  oxidation,  as  it  is  supposed  they  first  attack 
the  baser  impurities  in  a  melting  charge  more 
strongly  than  any  other  flux,  and  then  commence 
to  attack  the  crucibles  and  the  purer  metals.  It  is 
advisable  to  add  the  saltpetre  by  degrees  to  the 
charge,  and  not  all  at  once,  or  an  explosion  may 
take  place,  and  a  portion  of  the  contents  of  the 
crucible  be  thrown  out  if  an  excess  of  saltpetre  is 
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used,  but  by  using  a  moderate  quantity  in  the 
manner  stated,  just  sufScient  to  burn  out  all  the 
sulphur  and  leave  the  silver  unoxidated,  the  latter 
will  be  more  successfully  obtained.  The  decom- 
position of  the  oxidising  fluxes  by  the  sulphur 
withdrawing  therefrom  the  oxygen,  leaving  an  inert 
fluxing  substance  which  collects  together  the  silver 
into  a  metallic  button,  is  the  crux  of  the  whole 
secret ;  and  as  to  the  resulting  reactions  of  sulphate 
of  potash,  or  of  sulphate  of  soda  on  sulphide  of 
silver,  it  is  worthy  of  remark  that  if  employed  in 
that  chemical  form  alone,  neither  would  have  any 
oxidising  action  upon  silver  sulphide  when  melted 
with  it,  but  yield  a  mixed  button  of  metallic  and 
sulphide  of  silver,  so  that  it  is  the  oxygen  in  the 
flux  that  plays  so  important  a  part  in  the  complete 
separation  of  the  silver  from  the  sulphur.  (Sulphur 
and  oxygen  combine,  forming  sulphurous  acid  at  a 
red-heat,  which  escapes.)  Both  sulphate  of  potash 
and  sulphate  of  soda  are  powerful  reducing  agents, 
and  possess  dissolving  properties  for  oxides,  which 
they  dissolve  into  the  slag  under  the  process  of 
fusion ;  thus  the  sulphur  is  first  oxidised  by  the 
nitrate  salts,  and  then  dissolved  by  the  sulphate 
salts,  owing  to  the  chemical  change  the  former 
have  undergone,  while  the  silver  is  set  free,  and 
completely  reduced  to  the  metallic  state. 

Wrought  Iron  Crucibles  are  sometimes  employed 
for  melting  down  silver  sulphide  residues,  as  they 
are  very  useful  by  their  action  in  removing  the 
sulphur  and  separating  the  silver  therefrom.  By 
this  plan  the  iron,  instead  of  being  added  to  the 
melting  charge  in  separate  pieces  to  cause  the 
reduction  of  the  silver,  is  supplied  by  the  sides  of 
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the  crucible.  Wrought  iron  crucibles  are  formed 
by  bending  a  thick  plate  of  iron  round  a  mandril, 
welding  the  edges  together,  and  then  attaching  a 
thick  iron  bottom,  also  by  welding.  The  flux  con- 
sists as  follows  : — 


Silver  sulphide  residue     . 

.     10  ozs.  or  100  ozs. 

Soda-ash  (NagCOg) 

3    „    „     30    „ 

Saltpetre  (KNO3)    . 

1  oz.    „     10    „ 

A  wind  furnace  is  employed  in  which  the  melting 
is  performed ;  a  tall  chimney  is  necessary  in  order 
to  ensure  a  good  draught.  The  product  should  be 
allowed  to  enter  into  a  complete  state  of  fusion 
before  it  is  withdrawn  from  the  fire,  and  when  the 
crucible  is  withdrawn  its  contents  should  be  poured 
into  an  open  casting  mould.  The  silver  collects 
by  reason  of  its  high  specific  gravity  at  the  bottom, 
and  is  recovered  by  turning  over  the  mould,  when 
it  falls  out.  The  accompanying  slag  is  broken  away 
with  a  few  smart  blows  from  a  hammer.  Wrought 
iron  crucibles,  when  carefully  welded  together,  will 
last  for  from  25  to  30  melts  before  their  sides  are 
eaten  through  by  the  sulphur.  Carbonate  of  potash 
(K2CO3)  may  be  wholly  or  partially  substituted  for 
the  carbonate  of  soda  (soda-ash),  but  it  has  the 
disadvantage  of  deliquescing,  and  also  of  being 
much  dearer  to  buy. 

Sulphide  of  silver  may,  by  another  method,  have 
the  silver  separated  from  the  sulphur  and  reduced 
to  the  metallic  state.  This  process  consists  in  re- 
ducing the  silver  sulphide  to  the  metallic  form  by 
means  of  iron  or  zinc  in  a  solution  of  sulphuric  acid, 
or  one  of  muriatic  acid,  whereby  hydrogen  sulphide 
gas  is  given  off,  and  this  gas  while  in  the  nascent 
state  (that  is  before  it  has  passed  into  the  gaseous 
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form)  on  coming  in  contact  with  the  metallic 
solution  decomposes  the  component  parts,  and  sets 
free  metallic  silver.  The  hydrogen  that  is  evolved 
appears  to  possess  the  property  of  reducing  the 
sulphide  of  silver  to  the  metallic  condition.  Sul- 
phuric acid  (the  commercial  oil  of  vitriol)  is  princi- 
pally used  to  eHect  the  reduction  of  the  silver  as 
it  is  stronger  and  cheaper.  After  the  supernatant 
liquid  has  been  poured  off  the  precipitated  sulphide 
of  silver,  diluted  (|ll  of  vitriol  (l  part  acid  to  8  parts 
water)  in  sufficient  quantity  to  more  than  cover 
the  precipitate  is  poured  on,  and  pieces  of  thin 
clean  wrought  iron  placed  in  contact  with  it. 

The  acid  should  always  be  poured  into  the  water 
in  making  the  mixture,  and  not  vice  versa.  The 
iron  becomes  dissolved,  and,  uniting  with  the 
sulphur,  enters  into  solution  as  sulphide  of  iron, 
while  the  silver  is  being  gradually  reduced  to  the 
metallic  condition.  When  zinc  is  employed  to 
effect  the  reduction  of  the  silver  a  weaker  acid 
mixture  may  be  used  (l  part  of  acid  to  16  parts  of 
water)  to  well  cover  the  precipitate,  as  the  zinc  is 
more  vigorously  acted  upon  than  the  iron.  The 
action  of  the  acid  on  either  the  iron  or  the  zinc 
commences  at  once ;  this  is  allowed  to  go  on  for 
some  time,  and  the  mass  should  be  frequently 
stirred,  in  order  to  promote  uniformity  of  action 
and  to  ensure  the  complete  reduction  of  the  whole 
of  the  silver.  When  this  is  done,  the  undissolved 
iron  or  zinc  is  removed  and  the  liquid  syphoned  off, 
fresh  water  poured  on  to  the  sediment,  well  stirred, 
and  allowed  to  settle.  This  is  repeated  three  or 
four  times  with  fresh  water  to  remove  the  acid  and 
sulphate  of  iron  or  of  sulphate  of  zinc  (formed  as  a 

13 
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result  of  the  particular  metal  used)  that  may  have 
been  produced  from  the  liberation  of  sulphuretted 
hydrogen  gas.  The  silver  is  then  dried,  and  is  ready 
for  melting,  and  about  one-tenth  the  weight  of  the 
dried  silver  sediment  of  soda-ash  as  flux  will  usually 
be  found  sufficient  to  collect  the  particles  of  metal 
into  a  solid  button.  If  the  action  of  the  acid  on  the 
iron  or  zinc  subsides  before  all  of  the  metal  appears 
to  be  reduced,  the  liquid  should  be  poured  off  and 
a  fresh  supply  of  the  acid  mixture  added  to  the 
sediment.  The  operation  does  not  require  any 
watching,  and  may  be  allowed  to  take  its  own 
course,  as  some  length  of  time  is  necessary  to  reduce 
the  whole  of  the  silver.  The  washing  of  the  reduced 
silver  is  not  imperative  (it  may  straightway  be 
transferred  to  the  boiler  furnace  and  burnt  to 
powder),  but  if  done,  the  metallic  silver  must  be 
safeguarded  against  loss  during  the  washing  opera- 
tion ;  while  on  the  other  hand  the  sediment  is  apt  to 
contain  a  little  iron  or  zinc,  but  these  may  be  got 
rid  of  by  adding  a  little  nitrate  of  soda  occasionally 
to  the  mass  in  the  crucible  during  the  progress  of 
the  melting. 

Sulphide  of  silver  melted  with  cyanide  of  potas- 
sium (KCy)  yields  a  button  of  metallic  silver 
covered  with  slag-like  matter  of  sulphide  of  silver. 
The  whole  of  the  silver  is,  therefore,  not  reduced,  a 
portion  remaining  in  the  slag.  The  supposed  action 
of  this  flux  is  that  it  removes  oxygen  and  sulphur 
from  metallic  compounds  and  forms  sulphocyanide 
of  potash,  which  combines  with  some  of  the  silver. 
Sulphates  of  potash  and  soda  have  no  oxidising 
action  upon  sulphide  of  silver  when  melted  together, 
but  yields  principally  a  button  of  sulphide  of  silver. 
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Carbonates  of  potash  and  soda  when  melted  with 
sulphide  of  silver  always  leave  a  portion  of  the 
silver  in  the  slag  formed  as  a  result  of  the  operation. 
Sulphide  of  silver  is  acted  upon  and  dissolved  by- 
strong  nitric  acid  (HNO3)  with  the  formation  of 
nitrate  of  silver  (AgNOa)  and  the  separation  of  the 
sulphur  which  remains  at  the  bottom  of  the  vessel 
as  a  sediment.  The  silver  being  in  the  liquid  state, 
can  then  be  precipitated  from  the  solution  (after  it 
is  decanted  from  the  sedimentary  product)  with 
hydrochloric  acid  or  common  salt,  into  chloride  of 
silver,  or  by  means  of  a  copper  sheet  into  metallic 
silver. 

I  have  pointed  out  for  the  reader's  guidance  a  few 
of  the  difficulties  that  are  to  be  met  with  in  dealing 
with  silver  sulphides  and  its  precipitates  in  manu- 
facturing establishments,  that  are  not  commonly 
known  to  operatives  engaged  in  dealing  with  waste 
products  of  a  particularly  special  kind,  and  which 
knowledge  may  prove  of  service  to  them  hereafter. 
Some  of  these  processes  are  rather  complicated  for 
the  inexperienced  person,  and  the  best  and  safest 
method  of  adoption  in  the  workshops  of  precious 
metal  workers  that  I  can  suggest  for  metallic 
sulphides  when  treated  separately,  will  be  the  roast- 
ing and  the  subsequent  melting  of  the  residue  by 
means  of  the  special  fluxing  mixture  I  have  indicated 
at  an  earlier  stage  of  these  observations,  which 
method  has  the  merit  of  being  simple,  and  therefore 
more  easily  performed.  Another  safe  method  is  to 
put  the  product  with  the  polishings  and  other  rich 
residues,  and  dispose  of  the  collection  to  the 
smelters. 


CHAPTER  XX 

RECOVERING   SILVER   FROM   ELECTRO-SILVERING 
RINSING   WATERS 

In  electro-silvering  it  is  only  natural  that  a  con- 
siderable amount  of  solution  of  silver  should  be 
carried  with  the  work  from  the  solutions  into  the 
rinsing  or  swilling  waters,  and  these  should  be 
preserved  and  treated  at  regular  intervals  for  the 
recovery  of  the  silver.  It  is  not  sufficient  to  transfer 
these  waste  liquids  to  the  general  waste  water  tanks, 
such  as  are  commonly  employed,  without  some  pre- 
paratory kind  of  chemical  treatment,  for  some  loss 
of  silver  may  thereby  be  incurred,  and,  for  the 
reason  that  the  cyanide  of  potassium  would  still 
hold  the  silver  in  the  liquid  form,  and  thus  enable 
it  to  pass  away  with  the  flowing  waters  from  these 
receptacles,  or,  at  all  events,  it  is  found  more  difficult 
of  recovery  by  such  a  method,  unless  extra  pre- 
cautionary measures  are  adopted  in  the  treatment 
so  as  to  decompose  the  cyanide  and  prevent  some 
of  the  silver  passing  away.  The  rinsing  waters 
will  pay  for  a  separate  treatment  as  the  removal  of 
the  silver  therefrom  is  very  simple,  and  it  is  very 
desirable  that  the  working  electro-plater  should 
know  how  to  recover  the  silver  from  the  rinsing 

waters  made  use  of  for  swilling  the  work  after  it 
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leaves  the  silvering  vats,  as  well  as  from  the  silvering 
solutions  which  have  to  be  discarded.  In  all  electro- 
plating establishments  it  should  be  made  a  rule  to 
save  all  the  rinsings  by  placing  them  in  a  separate 
tank  or  reserve  tub  sufficiently  large  to  take  all  the 
rinsings  resulting  from  a  day's  work  at  the  least, 
and  after  the  day's  work  is  over  proceed  to  remove 
the  silver  from  the  liquid  by  adding  thereto  a  re- 
agent which  will  "  throw  down "  the  whole  of  the 
silver  into  the  insoluble  form.  Now,  one  of  the 
simplest  plans  of  doing  this  will  be  by  means  of  a 
solution  of  common  salt,  which  is  not  only  inexpen- 
sive, but  has  the  virtue  of  being  quick  and  certain 
in  the  reduction  of  the  whole  of  the  silver  from 
these  liquids,  while  very  little  extra  labour  is 
attached  to  the  day's  work,  so  that  there  is  no 
reasonable  cause  why  it  should  be  neglected. 

The  Common  Salt  Process 

Common  salt  will  precipitate  silver  from  cyanide 
solutions  as  silver  chloride  (AgCl),  if  diluted  with 
plenty  of  water,  otherwise  some  of  the  silver  chloride 
will  redissolve  (strong  brine  dissolves  chloride  of 
silver),  but  the  rinsing  waters  are  already  sufficiently 
diluted  to  destroy  the  effects  that  any  free  cyanide 
may  have  in  checking  the  action  of  the  common 
salt  on  its  addition  to  the  liquid  that  is  carried 
over  with  the  work  from  the  solution  to  the  swilling 
waters.  If  the  precipitation  of  the  silver  is  not 
absolutely  complete  by  this  method  in  the  morning, 
and  on  traces  of  silver  being  found  in  the  liquid 
above  the  precipitate  upon  testing  it  with  hydro- 
chloric acid,   it  should   not  be   thrown  away,  but 
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removed  from  the  tank  and  emptied  into  the  general 
waste  water  tanks,  so  as  to  again  make  the  former 
tank  available  for  the  incoming  day's  rinsings. 
When,  however,  this  is  found  to  be  the  case,  a 
stronger  solution  of  common  salt  must  be  poured  into 
the  day's  rinsings  in  the  evening.  It  will  take  from 
2  ozs.  to  2j  ozs.  of  common  salt,  dissolved  in  water, 
to  precipitate  about  1  oz.  of  silver  (this  weight 
indicates  metallic  silver)  from  these  rinsings  into 
1 J  ozs.  of  silver  chloride,  and  this  can  be  taken  as  a 
safe  guide  to  work  to.  Pour  the  solution  of  common 
salt  into  the  rinsings  by  degrees,  stirring  during 
the  time  with  a  smooth  wooden  stick.  The  common 
salt  is  a  compound  of  chlorine  and  sodium  (NaCl), 
the  chlorine  unites  with  the  silver,  forming  chloride 
of  silver,  which  falls  to  the  bottom  of  the  tank  as 
an  insoluble  whitish  powder,  sufficient  of  the  salt 
solution  is  required  to  be  added  to  the  rinsings 
until  all  the  silver  has  been  *'  thrown  down  "  ;  allow 
to  settle  thoroughly,  which,  during  the  night,  it 
will  have  ample  time,  when  in  the  morning  the 
water  above  the  precipitated  silver  will  have  become 
clear  and  ready  to  be  syphoned  off,  which  must  be 
done  without  disturbing  the  powder.  The  latter 
need  only  be  scooped  out  of  the  tank  at  stated 
intervals,  and  not  every  time  the  liquid  is  removed 
from  it.  An  excellent  plan  for  ascertaining  whether 
all  the  silver  has  been  thrown  down  or  not,  is  to 
take  up  a  small  portion  of  the  clear  liquid  in  a  glass 
test  tube  and  add  a  few  drops  of  pure  hydrochloric 
acid,  when,  if  it  produces  cloudiness  in  the  liquid, 
all  the  silver,  is  not  thrown  down  ;  if,  on  the  other 
hand,  no  cloudiness  is  perceived,  you  may  take  it 
that  all  the  silver  has  been  precipitated.     A  strong 
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common  salt  solution  should  be  made  in  accordance 
to  the  following  scale  : 


1 

Common  Salt    2  ozs. 

Water  10 

ozs. 

or    i  pint. 

2 

4    „ 

„      20 

1 

3 

6    „ 

„      30 

„  1^  pints. 

4 

8    „ 

„      40 

„  1    quart. 

5 

12    „ 

M      60 

„  \\  quarts. 

6 

16     :, 

„      80 

2 

7 

24    „ 

„    120 

»  3        „ 

8 

32    „ 

„    160 

„  1  gallon. 

Any  of  these  mixtures,  after  solution  has  been 
effected,  may  be  employed  in  proportion  to  the 
quantity  of  rinsings  requiring  treatment  and  to  the 
supposed  amount  of  silver  contained  in  the  liquid. 
The  sediment  at  the  bottom  of  the  tank  will  contain 
the  silver  in  the  form  of  chloride,  and  if  it  is  desired 
to  reduce  it  to  the  metallic  state,  all  you  will  have 
to  do  is  to  put  a  few  pieces  of  scrap  zinc  at  the 
bottom  of  the  tank  and  stir  up  the  contents  occasion- 
ally, so  as  to  bring  different  portions  of  the  sedi- 
ment into  contact  with  the  metallic  zinc  to  take 
out  all  the  chlorine  and  form  chloride  of  zinc,  a 
very  soluble  liquid.  As  an  aid  to  the  more  rapid 
conversion  of  the  silver,  after  you  have  drawn  off 
the  liquid  standing  above  the  precipitate  in  the 
morning,  add  a  small  portion  of  oil  of  vitriol,  or 
a  little  of  the  liquid  from  an  old  oil  of  vitriol  pick- 
ling solution  will  have  a  like  effect  and  be  more 
economical.  Both  operations,  namely,  the  precipi- 
tation of  the  silver  chloride  and  the  latter's  conver- 
sion into  a  dark  grey  powder  of  metallic  silver  go 
on  at  the  same  time,  with  eminently  satisfactory 
results  being  achieved.  The  contents  of  the  vessel 
will  then  consist  of  metallic  silver  as  a  powder,  and 


200   Precious  Metals  from  Waste  Liquid  Residues 

chloride  of  zinc  and  sulphate  of  soda  as  liquids. 
The  sediment  is  collected  at  stated  periods  and  well 
dried  in  the  boiler  furnace,  when  it  is  pulverised  to 
a  fine  powder,  and  is  then  ready  for  the  melting 
pot,  or  for  sale  to  the  refiners,  after  trial  by  assay 
to  ascertain  its  value. 

Silver  chloride  is  of  little  value  in  that  form  to 
the  manufacturer  of  silver  wares,  and  in  order  to 
know  what  value  it  is  he  needs  to  have  it  in  the 
metallic  condition,  but  to  the  electro-plater  it 
serves  a  useful  purpose,  as  he  can  make  use  of  it 
in  the  preparation  of  a  new  silvering  solution  and 
thus  efi"ect  a  saving,  but  in  this  case  it  will  require 
to  be  well  washed.  The  chloride  of  silver  precipi- 
tate obtained  from  silver  cyanide  rinsings  by  means 
of  common  salt  is  usually  of  high  grade  silver,  as  it 
becomes  freed  from  other  metals  which  do  not  form 
insoluble  chlorides. 

There  are  two  general  methods  at  present  em- 
ployed commercially  for  reducing  the  silver  from  its 
chloride  to  the  metallic  state,  which  I  will  describe. 
The  first  method  is  by  melting  it  with  either  car- 
bonate of  potash  or  carbonate  of  soda  as  the  reducing 
flux  in  a  crucible,  and  the  second  method  is  by 
reducing  the  chloride  of  silver  to  the  metallic  condi- 
tion by  means  of  iron  or  zinc  in  a  weak  oil  of  vitriol 
solution,  and  then  melt  down  the  metallic  silver 
powder,  either  after  washing  with  one-tenth  part  of 
its  weight,  or  without  washing  with  one-fifth  part 
of  its  weight  of  soda-ash  as  the  fluxing  substance. 

Melting  Chloride  of  Silver 

Dry  the  chloride  of  silver,  so  as  to  evaporate  the 
moisture    and   liberate   the  chlorine,   in  the   boiler 
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furnace,  or,  if  only  in  a  small  quantity,  in  an  iron 
ladle  or  in  an  iron  pan  with  the  sides  and  ends 
turned  up  to  prevent  loss  during  the  drying  process, 
some  portion  of  which  is  liable  to  roll  off  when  it 
arrives  at  the  loose  dry  state,  unless  provided 
against.  The  iron  instrument  of  whichever  kind  is 
used  should  be  coated  with  a  moist  chalk  mixture 
and  then  dried,  to  prevent  the  powdery  silver  from 
adhering  to  the  sides  of  the  iron  pan.  When  the 
silver  chloride  has  been  reduced  to  a  fine  dry 
powder  (to  effect  which  stir  frequently),  mix  it 
intimately  with  the  reducing  flux  in  the  following 
proportions : — 

Chloride  of  silver  .         .         .10  ozs.  or  100  ozs. 
Soda-ash        .         .         .         .         6   „     „     60   ,, 

Put  the  whole  into  a  good-sized  clay  crucible,  not 
a  plumhago  one,  and  place  this  in  the  furnace  and 
heat  until  complete  fusion  takes  place.  The  fusion 
is  continued  until  vapours  cease  to  be  emitted,  the 
mass  being  occasionally  stirred  with  a  thin  iron  rod 
until  a  perfectly  fluid  condition  is  reached,  care 
being  exercised  to  avoid  the  boiling  over  of  the 
contents  of  the  crucible  from  the  escaping  carbonic 
acid  gas  (CO2).  When  the  whole  is  in  quiet  fusion 
the  crucible  is  withdrawn  from  the  furnace,  allowed 
to  cool  until  the  silver  has  settled  into  solid  form 
with  the  flux  remaining  above  it ;  it  is  then  broken, 
when  a  solid  button  will  fall  out.  The  supposed 
action  of  the  soda-ash  on  the  chloride  of  silver  is 
that  the  chlorine  existing  in  the  chloride  of  silver 
unites  with  the  sodium  and  forms  chloride  of 
sodium,  while  the  carbon  unites  with  the  oxygen 
upon  the  action  of  the  heat  forming  carbonic  acid 
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and  oxygen  gases,  both  of  which  escape  in  vapours, 
leaving  metallic  silver  behind,  which  passes  through 
the  limpid  flux  to  the  bottom  of  the  crucible,  where 
the  fine  particles  collect  together  and  are  recovered 
in  solid  form.  The  silver  can  then  be  used  for  any 
desired  purpose  of  utility.  The  flux  forming  slag 
should  and  must  be  sufiiciently  liquid  to  allow  the 
globules  of  silver,  as  they  form  under  fusion,  to  pass 
readily  through  it  and  collect  together  into  a  united 
lump  of  metal.  Chloride  of  silver  requires  plenty 
of  flux  to  recover  the  whole  of  the  silver,  but  under 
the  common  salt  process  of  throwing  down  the 
silver  some  of  that  substance  will  be  combined  with 
the  silver  chloride  (when  unwashed),  and  will  assist 
in  the  melting,  so  that  there  will  be  more  available 
flux  than  that  given  in  the  formula,  and  this  pro- 
portion has  been  found  sufiicient  to  reduce  all  the 
silver  if  sufficient  heat  is  given,  the  more  so  when 
the  substance  has  been  well  burnt  in  the  boiler 
furnace. 


CHAPTER  XXI 

REDUCING   CHLORIDE   OF    SILVER   TO   METALLIC   SILVER 
WITH   METALLIC   IRON 

Instead  of  reducing  the  chloride  of  silver  to  the 
metallic  form  by  melting  it  with  soda-ash,  the 
metallic  silver  may  be  obtained  by  means  of  iron 
or  zinc  in  a  weak  oil  of  vitriol  solution,  which  con- 
verts the  substance  into  finely  divided  metallic 
silver.  This  method  is  perhaps  the  more  economical, 
when  carefully  carried  out,  as  it  saves  a  large 
quantity  of  soda-ash  in  the  subsequent  melting 
operation.  The  choride  of  silver  is  placed  in  any 
suitable  vessel  and  dilute  oil  of  vitriol  (l  part  acid 
to  8  parts  water)  is  poured  on  (sufficient  to  well 
cover  it)  and  pieces  of  clean  wrought  iron  placed  in 
contact  with  it.  The  acid  acts  on  the  iron  and 
dissolves  it,  and  in  doing  this  nascent  hydrogen  gas 
is  given  off  which  eliminates  the  chlorine,  and  by 
uniting,  hydrochloric  acid  is  formed,  which  action 
possesses  the  property  of  reducing  the  silver  to  the 
metallic  condition ;  this  is  known  by  the  grey 
powdery  form  which  the  chloride  of  silver  assumes 
when  all  the  silver  is  reduced.  The  iron  employed 
should  be  free  from  grease  and  rust;  galvanised 
iron  scrap  cuttings  is  a  very  suitable  material  to  use 

for  the  purpose,  as  they  are  usually  clean  and  the 
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zinc-coated  surface  aids  the  process.  The  action  of 
the  iron  through  being  attacked  by  the  acid  com- 
mences at  once  to  generate  hydrogen,  and  this  is 
allowed  to  go  on  for  some  time,  the  whole  contents 
of  the  vessel  being  frequently  stirred,  in  order  to 
ensure  the  complete  reduction  of  the  whole  of  the 
silver.  When  this  has  taken  place  the  iron  remain- 
ing is  removed  and  the  silver  settles  readily  in  the 
bottom  of  the  vessel  and  collects  in  a  mass.  The 
supernatant  liquid  is  then  poured  off  and  water  is 
added,  the  whole  stirred  and  allowed  to  settle ;  this 
is  repeated  two  or  three  times  to  remove  the  acid 
and  sulphate  of  iron,  or  other  soluble  ferric  salts 
which  may  be  present  in  the  sediment.  The  silver 
is  then  dried  in  the  manner  before  directed,  and  is 
ready  to  be  melted  down  with  a  reducing  flux  in 
the  following  proportions  : — 

Dried  metallic  silver      .         .       10  ozs.  or  100  ozs. 
Soda-ash         .         .         .         .         1  oz.    „     10  „ 

The  melting  is  performed  in  a  clay  crucible, 
known  as  a  "  London  round,"  and  as  you  are  now 
dealing  with  metallic  silver  the  operation  of 
melting  is  rendered  more  simple  than  the  previous 
one  of  melting  the  chloride  with  soda-ash  to  obtain 
metallic  silver.  The  washing  operation  may  be 
dispensed  with  when  it  is  intended  to  melt  the 
product  into  a  rough  bar  and  sell  to  the  refiners 
after  trial  by  an  assay,  but  in  this  case  a  little  more 
flux  will  be  necessary,  as  the  silver  is  liable  to  be 
contaminated  with  a  little  iron  and  other  organic 
matter ;  about  one-fifth  the  weight  of  the  silver 
powder  will  be  found  quite  ample  to  effect  a  good 
melt.     The  iron  does  not  melt  along  with  the  silver 
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unless  the  heat  is  very  high,  but  remains  in  the 
slag,  and  is  easily  separated  from  the  silver  when 
cold,  and  after  the  crucible  has  been  broken  to 
recover  the  metallic  button  of  silver.  There  is 
always  present  the  risk  of  losing  some  of  the 
precious  metals  during  washing  operations  if 
entrusted  to  careless  or  inexperienced  workmen  in 
manufacturing  establishments.  If  there  is  found 
any  difficulty  in  melting  a  product  of  this  kind 
when  it  contains  a  little  oxide  of  iron  it  is  easily 
overcome  by  using  the  following  special  fluxing 
mixture  devised  by  the  writer  : — 

Burnt-silver  residue   .         .         10    ozs.  or  100  ozs. 
Soda-ash    .         .         .         .  1^    „     „     15    „ 

Fluor-spar  .         .         .  r   »     >>       5    „ 

The  fluor-spar  removes  the  iron  from  the  silver 
by  dissolving  it  into  the  slag,  and  if  there  are  any 
stray  particles  of  chloride  of  silver  that  may  have 
escaped  reduction  in  the  conversion  process  they 
are  quickly  reduced  to  metal  by  means  of  this  flux, 
while  there  is  no  likelihood  of  any  silver  remaining 
in  the  slag,  as  the  latter  takes  up  all  the  foreign 
substances  and  melts  into  quite  a  thin  fluid. 
Nitrate  of  soda  may  be  used  in  place  of  the  fluor- 
spar when  iron  has  first  to  be  oxidised  and  after- 
wards dissolved  into  the  slag,  but  in  products  like  I 
am  now  treating  of,  the  iron  will  be  in  the  oxidised 
condition,  from  its  having  been  reduced  from  the 
sulphate  of  iron  or  other  form  of  ferric  salt,  such 
as  the  chloride,  in  which  state  it  would  exist  when 
put  into  the  boiler  furnace,  and,  as  a  result  of  the 
burniiig,  oxide  of  iron  is  produced,  and  this  is 
completely  dissolved  into  the  slag  by  the  fluor-spar 
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in  melting  the  burnt  silver  product,  in  whicli  opera- 
tion the  silver  then  becomes  freed  of  its  presence. 

REDUCING  CHLORIDE   OF   SILVER   TO   METALLIC   SILVER 
WITH    METALLIC    ZINC 

This  method  is  commonly  supposed  to  be  the 
simplest  way  of  obtaining  metallic  silver  from  its 
chloride,  as  it  is  more  rapid  than  with  iron,  and 
equally  as  effectual.  Crinkled  pieces  of  sheet  zinc 
are  placed  in  the  vessel  in  contact  with  the  silver 
chloride  after  its  precipitation,  and  dilute  oil  of 
vitriol  (l  part. acid  to  16  parts  water)  is  then 
poured  on  to  it  in  sufficient  volume  to  a  little  more 
than  cover  the  chloride.  The  acid  immediately 
begins  to  attack  the  zinc,  which  gradually  dissolves 
and  sulphate  of  zinc  is  formed ;  this  remains  in  the 
solution,  while  the  hydrogen  gas  that  is  liberated 
from  the  pieces  of  zinc  withdraws  the  chlorine  from 
its  combination  with  the  silver,  and  metallic  silver 
is  produced  in  a  finely  divided  powder,  and  by  these 
reactions  some  hydrochloric  acid  and  zinc  chloride 
is  formed  in  the  liquid.  The  mixture  requires  to 
be  stirred  occasionally  to  expose  fresh  surface  to 
each  other  of  the  ingredients  within  the  vessel  in 
order  to  promote  chemical  action,  and  thus  bring 
about  a  more  rapid  reduction  of  the  silver.  When 
chemical  action  ceases,  either  by  the  dissolving  of 
all  of  the  zinc,  or  by  the  acid  having  become 
exhausted,  add  more  zinc,  or  more  acid  mixture  in 
the  above  proportions  if  it  is  suspected  that  all  of 
the  silver  has  not  become  reduced.  When  the 
silver  is  all  reduced  it  will  be  observed  that  the 
white  fiocculent  precipitate  has  changed  into  a 
dark   and   finely-divided  metallic  powder,  without 
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showing  any  clots  of  unreduced  chloride  of  silver 
intermingled  with  that  which  has  become  reduced. 
When  the  chloride  of  silver  is  completely  decom- 
posed the  whole  mass  will  appear  of  a  dark  grey  or 
black  colour,  and  is  found  to  settle  readily  out  of 
the  liquid  standing  above  it,  and  it  is  advisable  to 
continue  the  operation  until  this  result  is  brought 
about  in  order  to  make  sure  that  all  the  chloride 
of  silver  has  been  reduced  to  the  metallic  state. 
After  this  has  been  accomplished,  the  silver  is  dried 
and  melted  in  a  clay  crucible  with  one-fifth  its 
weight  of  soda-ash,  if  melted  without  washing  ;  or 
with  the  special  fluxing  mixture,  as  recommended 
for  melting  the  silver,  after  it  has  been  reduced 
from  its  chloride  by  means  of  metallic  iron.  Well- 
washed  sediments  of  this  kind  will  only  require 
one-tenth  their  weight  of  flux  to  melt  them  in  a 
perfectly  satisfactory  manner.  It  is,  however,  not 
customary  to  wash  these  precipitates  in  the  best 
regulated  workshops,  neither  is  it  good  practice  to 
do  so,  for  some  of  the  very  fine  metal  is  often 
washed  away  and  lost.  The  right  method  is  to  put 
the  diff'erent  sediments,  as  they  present  themselves 
for  treatment,  directly  into  the  boiler  furnace  (see 
figs.  9  and  16)  in  which  they  are  first  dried,  and 
then  burnt  to  powder  ;  in  this  manner  all  the  metal 
will  be  saved. 


CHAPTER  XXII 

RECOVERING    SILVER    FROM    DIP-SILVERING    SOLUTIONS 
AND   THEIR   RINSING   WATERS 

Silvering  by  dipping  is  a  process  by  which  small 
brass  and  copper  or  brass-plated  iron  wares  may 
quickly  be  silver-plated  without  the  use  of  a 
battery  or  a  dynamo  electric  current,  and  is  some- 
what extensively  employed  for  small  metal  articles 
of  the  following  kind : — Buttons,  hat  pins,  eyelets, 
buckles,  purse  and  bag  frames,  knobs,  hooks, 
brackets,  comb  ornaments,  and  a  large  variety  of 
other  small  metal  goods  of  upholstery  hardware, 
for  the  reason  that  it  is  quickly  and  cheaply  done, 
and  that  the  deposit  of  silver  thus  effected  is  in  the 
form  of  a  white  and  firmly  adhering  nature. 

Dip-silvering  solutions  which  are  replenished  with 
silver  last  a  long  time,  and  do  not  come  up  for 
treatment  every  time  they  present  the  appearance 
of  having  become  exhausted  of  their  silver,  but 
after  being  replenished  with  silver  are  made  use 
of  for  further  service.  There  is,  however,  a  con- 
siderable amount  of  rinsing  or  wash  water  made 
use  of,  and  this  should  be  saved  and  the  silver 
precipitated  from  it ;  but  as  this  involves  a  little 
labour    and    expense    in    providing    tanks    for   its 

reception,  and  also  standing  room,  it  is  frequently 
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not  considered  worth  while  undertaking  the  cost  of 
a  separate  treatment,  as  the  amount  of  silver  may 
be  small.  In  some  establishments  the  amount  of 
silver  which  goes  into  the  rinse  waters  is  con- 
siderable, and  a  suitable  appliance  for  receiving  the 
waste  rinsing  waters  and  thus  save  the  silver,  which 
is  wasted,  would  make  an  appreciable  difference  to 
the  credit  side  of  the  trading  account  in  twelve 
months,  and  thereby  prove  a  valuable  asset  to  the 
firm. 

The  Metallic  Zinc  Process 
The  method  by  which  the  silver  may  be  saved 
from  dip-silvering  solutions  and  their  rinsing  waters 


wctust 
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Fig,  22. — Apparatus  for  recovering  silver  from  rinse  water. 

consists  of  a  very  simple  contrivance,  and  into  the 
first  receptacle  of  this  apparatus  the  dip-silvering 
solution  is  poured  when  it  has  to  be  discarded,  as 
well  as  all  the  rinsings  employed  throughout  the 
series  of  operations.  The  apparatus  is  divided  into 
two  compartments,  as  shown  in  the  illustration 
(fig.  22) ;  they  are  easily  divided  when  it  is  found 
necessary  to  clean  out  the  silver,  which  will  be  in 
the  metallic  condition. 

14 
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The  receptacles  or  tanks  may  consist  of  wood, 
which  should  be  quite  water-tight ;  old  beer  barrels, 
or  those  which  have  contained  paraffin,  make  excel- 
lent utensils,  after  being  well  coated  with  pitch  to 
prevent  the  destruction  of  the  iron  hoops,  and  to 
render  them  impervious  to  the  action  of  the  liquid 
within.  These  are  both  cheap  and  take  up  little 
room,  even  if  they  are  allowed  to  remain  in  the 
plating  room  in  cases  where  there  is  no  outside 
accommodation . 

When  the  tank  (a)  becomes  filled  with  liquid  it 
rises  upwards  and  flows  through  the  tuber  (6),  and 
this  lowers  the  tank  again  quickly  to  the  level  of 
(c),  its  normal  height,  so  that  it  cannot  overflow, 
unless  too  large  a  quantity  of  rinsings  is  put  into 
the  tank  all  at  once,  and  at  a  faster  rate  than  it  can 
be  carried  into  the  tank  {d)  by  the  leaden  tube  (6). 
There  will,  therefore,  always  be  an  empty  space  in 
tank  (a)  down  to  the  outlet  where  the  top  of  the 
tube  is  shown  at  (c),  conveying  the  liquid  into  the 
tank  (d)  when  no  water  is  being  poured  in.  The 
water  in  tank  {a)  is  that  which  contains  most  of 
the  silver,  as  it  will  be  understood  that  all  the 
rinsings  are  put  into  this  tank,  in  which  is  also 
placed  a  piece  of  sheet  zinc.  This  metal  has  the 
property  of  precipitating  silver  from  alkaline  solu- 
tions into  the  metallic  state.  A  quicker  precipitation 
is  brought  about  by  making  the  liquid  very  feebly 
acid.  The  silver  falls  down  to  the  bottom  of  the 
tank,  and  the  end  of  the  leaden  tube  is  extended 
low  down  in  the  tank  (a)  so  that  the  water  has  an 
upward  flow  and  is  conveyed  from  a  tranquil  part 
of  the  bulk ;  this  is  a  valuable  feature  of  the 
contrivance,  preventing  the   direct  passing  of  the 
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argentiferous  liquid  into  the  second  tank  without 
the  opportunity  of  decomposition  being  accorded  to 
it  in  the  tank  (a).  When  the  waste  liquids  are 
allowed  to  flow  from  vessel  to  vessel  by  means  of 
outlets  fixed  close  to  the  tops  of  a  series  of  tanks, 
the  liquid  is  mostly  in  a  state  of  agitation  in  those 
places,  and  no  time  is  given  for  the  metal  to  become 
converted  and  sink  downwards,  thus  causing  the 
precipitation  of  the  silver  to  be  incomplete,  for  the 
slightest  agitation  causes  the  light  precipitate  as 
it  is  forming  to  float  and  pass  through  the  outlet 
passages  along  with  the  liquid.  Without  the  ad- 
dition of  a  small  quantity  of  oil  of  vitriol  a  precipitate 
of  hydrate  of  zinc  is  liable  to  form  on  the  surface  of 
the  zinc  sheet,  and  this  would  stop  its  precipitating 
action  on  the  silver. 

In  the  tank  {d)  is  fixed  a  perforated  false  bottom 
1  inch  from  the  actual  bottom  of  the  tank,  over 
which  is  placed  some  good  filtering  material  made 
to  fit  well,  and  above  this  a  layer  of  coarse  deal 
sawdust,  about  8  inches  or  more  in  thickness,  and 
over  all  a  circular  disc  of  zinc,  pierced  with  small 
holes,  to  enable  the  fluid  to  pass  through  (see  illus- 
tration, fig.  22).  The  disc  of  zinc  prevents  the 
sawdust  from  rising,  and  also  converts  any  soluble 
silver,  that  may  be  carried  that  far,  into  the  metallic 
condition,  and  by  these  means  only  clear  water- 
white  liquid,  free  from  silver,  is  allowed  to  pass 
away  into  the  drain.  In  this  tank  it  is  unnecessary 
to  have  an  extended  leaden  tube  lik:e  the  one  in 
tank  (a),  as  the  fluid  will  be  more  tranquil,  and 
flow  from  the  bottom  through  the  filter-bed  into 
the  drain.  When  sufficient  sediment  has  accumu- 
lated it  is  burnt  in  the  boiler  furnace  and  melted 
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witli  reducing  fluxes  in  a  crucible  in  a  wind  furnace, 
or  otherwise  disposed  of. 

The  wooden  vessels  {a)  and  {d)  are  so  arranged 
that  the  liquid  flows  by  means  of  the  piping  from 
nearly  the  bottom  of  one  to  the  top  of  the  next, 
wherein  the  liquid  is  allowed  to  rest  unmolested 
until  it  passes  slowly  away  through  the  specially 
constructed  filter-bed  at  the  bottom,  which  allows 
of  only  clear  solutions  to  flow  through.  A  stop- 
cock may  be  fixed  in  the  outlet  pipe  in  tank  {d)  to 
enable  the  liquid  to  have  a  longer  rest.  This  con- 
trivance is  simply  used  as  an  extra  security  against 
any  loss  of  silver  that  might  occur  by  all  not  being 
precipitated  in  the  first  vessel.  It  will  now  be  seen 
why  the  liquid  is  brought  from  nearly  the  bottom 
of  one  vessel  through  a  leaden  tube  which  terminates 
a  few  inches  below  the  top  of  the  next  vessel. 

It  is  absolutely  essential  that  some  of  the  liquid 
(which  should  be  water  colour)  flowing  from  the 
discharge-pipe  is  caught  in  a  clean  glass  vessel  and 
tested  occasionally  with  a  few  drops  of  pure  hydro- 
chloric acid,  when,  if  no  grey  cloudiness  is  produced, 
the  apparatus  is  acting  with  perfect  safety,  and 
shows  that  all  the  silver  has  been  removed  from  the 
liquid,  and  that  the  precipitation  is  being  practically 
eff'ected  without  any  wastage. 

This  method  is  applicable  for  the  recovery  of  the 
silver  from  nearly  all  solutions  and  their  rinsings- 
employed  in  such  processes  as  dip  silvering,  contact 
silvering,  galvanic  silvering,  hyposulphite  of  silver 
solutions,  electric  silvering  by  means  of  the  dynamo, 
and  cyanide  of  potassium  or  prussiate  of  potash 
salts — fire  dips  for  the  removal  of  oxides,  pickling 
solutions,  etc.,  and   will   in    each    individual   case, 
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if  properly  carried  out,  give  satisfactory  results. 
The  solutions  should  occasionally  be  stirred  in  the 
operations. 

Zinc  has  the  property  of  reducing  most  metals 
from  acid  solutions,  and  also  alkaline  solutions  if 
these  are  rendered  slightly  acid  to  blue  litmus 
paper  by  barely  changing  it  to  red.  It  therefore 
precipitates  silver  from  alkaline  cyanide  solutions 
completely,  by  employing  it  with  the  addition  of  a 
little  oil  of  vitriol,  so  that  not  a  trace  of  silver  is 
left  in  them  in  the  liquid  form.  The  best  way  to 
use  the  zinc  is  in  the  form  of  sheets,  as  they  present 
a  large  surface  to  the  action  of  the  liquid,  and  are 
easily  removed  from  the  solution  and  brushed,  if 
required,  at  the  end  of  the  operation,  or  at  any 
other  time.  The  amount  of  zinc  needed  is  usually 
small,  about  ^  oz.  per  gallon  of  solution  is  generally 
found  sufficient,  and  the  same  quantity  of  oil  of 
vitriol,  or  even  a  less  portion  may  do  in  weak 
solutions,  its  object  being  to  prevent  a  layer  of 
hydrogen  or  zinc  hydrate  attaching  itself  to  the 
surface  of  the  zinc  and  obstructing  the  action.  The 
silver  is  thrown  down  in  the  metallic  form  in  a  fine 
state  of  division  along  with  any  other  metal  that 
may  be  in  the  solution.  ' 

The  theory  of  the  process  is  supposed  to  be  as 
follows  : — Hydrogen  is  freely  generated  by  sulphuric 
acid  acting  on  zinc,  and  the  hydrogen  on  coming  in 
contact  with  the  metallic  solution  while  in  its 
nascent  state  (that  is  before  it  has  assumed  the 
gaseous  form),  decomposes  the  solution  ;  the  oxygen 
which  is  liberated  has  greater  affinity  for  the  zinc 
than  for  hydrogen,  and  combining  with  the  zinc  is 
then  dissolved  by  the  free  acid  along  with  the  zinc 
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into  the  solution  as  ZnS04,  and  metallic  silver  is 
precipitated,  while  the  uncombining  hydrogen 
escapes  as  a  gas,  along  with  other  gases  formed  as 
a  result  of  the  decomposition  of  the  different 
ingredients. 

The  sediment  produced  is  usually  in  the  form  of 
a  voluminous  black  slime  on  account  of  the  dirtiness 
of  the  liquids  which  are  presented  for  treatment. 
The  whole  mass  at  cleaning-up  time — sediment,  saw- 
dust, and  filtering  material — is  collected  together, 
dried  and  burnt  to  powder  in  the  boiler-furnace, 
then  melted  down  in  a  clay  crucible,  the  fine  dry 
powder  being  previously  well  mixed  with  the 
following  fluxing  mixture  : — 

Dip-silvering  residue  .         .         10    ozs.  or  100  ozs. 

Salt-cake  .         .         .         .         .  4^    „    „     45    „ 

Fluor-spar  .         .         .         .  1^    „    „     15    „ 

The  use  of  this  flux  will  soon  render  the  mass 
quite  liquid  in  a  good  furnace,  so  that  all  the  metal 
the  residue  contains  passes  readily  through  the  slag 
to  the  bottom  of  the  crucible,  where  it  settles  in  a 
button  of  adulterated  metal,  and  after  the  pot  has 
cooled  sufficiently  to  enable  the  metal  to  become 
solid  it  is  broken  and  the  button  recovered.  It  is 
then  remelted  and  cast  into  a  rough  bar,  and  finally 
disposed  of  to  the  refiner  whose  trial  report  is  the 
most  satisfactory. 


CHAPTEE  XXIII 

RECOVERING   SILVER    FROM    OLD   STRIPPING   SOLUTIONS 

Acid  stripping  solutions  in  which  oil  of  vitriol  and 
aquafortis  have  been  used  in  stripping  silver  from 
old  spoons  and  other  wares  of  silver-plated  manu- 
facture, in  which  the  base  metal  is  either  copper, 
brass,  or  German  silver,  it  is  found  necessary  to 
remove  therefrom  all  the  silver  before  commencing 
the  process  for  renewing  the  goods,  otherwise,  when 
they  are  replated,  the  second  coating  may  strip  or 
peel  off  such  parts  as  may  have  portions  of  the  old 
coating  adhering  to  them,  and  it  is  the  common 
practice  to  use  the  so-called  acid  stripping  solution 
to  effect  the  removal  of  the  silver.  The  stripping 
solution,  after  it  has  been  employed  for  some  time, 
becomes  impregnated  with  silver,  and  this  should 
be  recovered  at  stated  intervals.  There  are  several 
methods  of  treating  old  acid  stripping  solutions  in 
vogue,  but  the  following  is  one  of  the  simplest.  It 
is  by  no  means  a  difficult  operation  to  recover  the 
whole  of  the  silver  by  those  experienced  at  the 
work. 

The  Common  Salt  Process 

The   stripping   solution  should   be  diluted   with 

water  and   the   silver   precipitated  with   a   strong 

solution  of  common  salt — one  part  of  salt  to  five 
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parts  of  water — in  the  form  of  silver  chloride 
(AgCl).  For  every  gallon  of  the  stripping  solution 
to  be  treated,  put  into  a  large  stoneware  vessel  (see 
fig.  18)  about  3  gallons  of  water,  and  then  pour  the 
stripping  solution  into  it,  little  by  little,  stirring 
during  the  time  with  a  strip  of  wood.  When  all 
the  acid  has  been  added  to  the  water,  allow  to  cool ; 
it  is  then  ready  to  receive  the  solution  of  common 
salt,  which  will  completely  throw  down  the  silver, 
not  in  the  metallic  condition,  but  in  the  form  of 
chloride  of  silver,  leaving  all  other  metals  in  solution 
that  are  likely  to  be  present,  and  this,  after  being 
well  washed,  may  be  used  for  making  up  a  new 
silver  solution,  or  the  chloride  may  have  the  silver 
reduced  to  the  metallic  state  by  immersing  in  the 
vessel  several  pieces  of  zinc  (after  decanting  most 
of  the  liquid),  in  direct  communication  with  the 
chloride,  and  adding  a  small  quantity  of  oil  of 
vitriol,  or  of  spirits  of  salts,  as  described  on  pages 
203-7,  which  will  convert  the  chloride  into  metallic 
silver  in  the  form  of  a  dark  grey  or  blackish  powder. 
The  common  salt  should  not  be  added  to  the  diluted 
stripping  solution  in  the  dry  form,  but  in  a  state  of 
solution,  as  the  precipitation  is  then  more  complete. 
Sufficient  salt  solution  must  be  added  to  clear  the 
liquid  (when  copper  is  present  in  the  liquid  it  will 
give  it  a  bluish  tinge)  on  the  top  of  the  precipitate 
— common  salt  does  not  precipitate  copper — and 
when  no  further  precipitate  is  produced  all  the  silver 
will  have  parted  company  with  the  liquid  and  have 
been  "  thrown  down."  A  good  stirring  of  the  pre- 
cipitate with  the  wooden  stick  will  serve  to  further 
the  union  of  the  chloride  of  silver  by  enabling  it  to 
cohere  and  settle  well  to  the  bottom  of  the  vessel. 
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When  the  chloride  of  silver  has  thoroughly 
settled,  the  clear  blue  or  greenish  blue  solution  on 
the  top  is  withdrawn  by  means  of  the  syphon  or 
rubber  tube,  the  sediment  removed  from  the 
vessel,  and  next  dried  and  burned  in  the  boiler- 
furnace,  with  repeated  stirrings  to  prevent  its 
melting ;  when,  if  desired  in  the  solid  metallic 
condition,  it  will  have  to  be  afterwards  melted. 
Use  a  clay  crucible  and  mix  the  powder  with 
about  three-fifths  of  its  weight  of  soda-ash.  Do 
not  fill  the  crucible  more  than  two-thirds  full, 
as  the  mixture  is  apt  to  rise  in  the  earlier  stage  of 
melting.  The  soda-ash  causes  the  particles  of  silver 
to  enter  into  the  metallic  state  and  to  unite  together 
when  they  become  melted,  and  it  is  a  good  plan, 
when  the  crucible  has  become  fully  heated,  and  the 
mixture  of  soda-ash  and  chloride  of  silver  begins  to 
melt,  to  gently  stir  the  mass  with  an  iron  rod  so  as 
to  cause  the  crust  of  unfused  matter  at  the  top  to 
be  brought  in  contact  with  the  lower  portion,  which 
usually  enters  into  a  more  liquid  condition  at  an 
earlier  stage  of  the  heating.  Should  the  contents 
of  the  crucible  rise  up  and  appear  likely  to  overflow, 
a  very  little  dried  common  salt  thrown  into  the  pot 
will  speedily  cause  the  mixture  to  subside.  When 
the  collecting  together  of  the  globules  of  silver  is 
complete,  two  or  three  small  crystals  of  nitrate  of 
soda,  or  of  saltpetre,  may  be  added  at  intervals,  to 
the  fused  mass,  which  will  destroy  any  traces  of 
iron  or  other  base  metals  that  may  be  present, 
although,  under  the  common  salt  method  of  pre- 
cipitating the  silver  no  other  metal  is  supposed 
to  be  thrown  down  with  the  silver  chloride.  The 
bar  of  silver  obtained  from  silver  chloride  is  pure, 


2i8     Precious  Metals  from  Waste  Liquid  Residues 

or  nearly  so,  and  may  be  alloyed  and  used  over 
again  instead  of  selling  to  refiners. 

When  chloride  of  silver  is  melted  down  with 
soda-ash,  and  the  operation  is  completed,  the  pot 
is  removed  from  the  fire  and  placed  aside  in  a  safe 
place  to  cool,  when  it  is  broken  at  its  lowest  part 
by  a  few  blows  from  a  hammer,  and  the  solid  metal 
falls  out ;  it  is  next  remelted,  poured  into  a  bar, 
and  afterwards  assayed  as  to  fineness.  If  found 
practically  pure  silver,  it  may  be  employed  for  any 
of  the  chemical  purposes  requiring  pure  silver,  and 
if  intended  for  other  operations  of  a  mechanical 
nature  it  may  be  alloyed  down  to  the  desired 
standard  and  manipulated  in  the  regular  manner. 

The  Metallic  Copper  Process 
Another  method  for  treating  acid  stripping 
solutions  for  the  recovery  of  the  silver  is  by  first 
putting  the  stripping  liquid  into  an  acid-proof 
stoneware  vessel  (see  fig.  18}  and  diluting  it  with 
an  equal  volume  of  water  (the  latter  must  be  put 
into  the  vessel  first  and  the  stripping  liquid  added 
to  the  water  in  a  gentle  stream  with  stirring),  and 
then  precipitating  the  silver  by  means  of  metallic 
copper  in  the  form  of  a  stout  sheet,  or  in  strips 
being  immersed  therein  ;  the  silver  becomes  reduced 
by  electro-chemical  or  voltaic  exchange  as  a  finely 
divided  metallic  powder  which  falls  to  the  bottom 
of  the  vessel,  and  may  be  recovered  in  the  usual 
way,  dried  in  the  boiler-furnace  and  melted  with 
one-fifth  to  two-fifths  of  its  weight  of  flux,  in  a  fire- 
clay crucible ;  the  fused  metal  is  then  remelted  and 
poured  into  an  ingot  mould  as  a  rough  bar,  with 
the  view  of  sale  to  silver  refiners.      Heating   the 
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mixture  assists  the  decomposition  of  the  silver  and 
shortens  the  time  it  takes  the  copper  to  effect  the 
entire  reduction  of  the  silver,  but  where  time  is  of 
little  consequence  it  is  unnecessary  for  this  to  be 
done,  as  it  does  not  take  long  to  perform  the  work 
in  a  cold  solution,  and  in  order  to  ascertain  if  there 
is  any  silver  remaining  in  the  clear  bluish  green 
liquid,  test  a  portion  withdrawn  from  the  bulk  into 
a  test-tube  with  a  few  drops  of  hydrochloric  acid 
at  stated  intervals,  and  as  soon  as  no  cloudiness 
or  curdy  precipitate  is  formed  in  the  liquid  the 
operation  has  proceeded  far  enough  and  the  pre- 
cipitation of  the  silver  may  be  regarded  as  com- 
pleted, for  all  of  the  silver  will  then  have  been 
"  thrown  down  "  in  a  finely  divided  metallic  powder. 
The  copper  sheet,  or  strips,  should  occasionally  be 
shaken  in  the  solution  to  remove  any  sediment  that 
may  attach  itself  to  the  copper,  and  if  any  deposit 
of  crystallised  sulphate  of  silver  should  adhere  to  it, 
it  is  advisable  to  brush  it  off,  as  this,  by  exposing  a 
clean  surface,  helps  to  facilitate  the  process.  This 
is  a  very  simple  method  for  the  recovery  of  the 
silver  from  stripping  solutions  composed  of  oil  of 
vitriol  and  a  small  portion  of  aquafortis,  and  may 
be  carried  out  by  anybody  with  very  little  experi- 
ence of  the  operative  treatment.  The  copper  exerts 
a  powerful  chemical  action  on  the  liquid,  a  portion 
of  the  sulphuric  acid  becoming  decomposed,  by 
part  of  its  oxygen  being  transferred  to  the  copper, 
forming  copper  oxide,  while  this,  along  with  the 
metal  is  gradually  dissolved  by  the  free  H2SO4  into 
sulphate  of  copper,  and  sulphurous  acid  gas  is  given 
off  in  its  nascent  state,  which  precipitates  the  silver 
into  the  metallic  condition — the  sulphate  of  copper 
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remaining  behind  in  the  liquid,  and  imparting  to 
it  a  bluish  tint.  The  reduced  silver,  if  required 
for  use  in  the  factory,  should  be  well  washed,  to 
free  it  from  organic  matter  and  any  sulphate  of 
copper  or  other  soluble  cupric  salts  that  may  have 
gone  down  with  the  silver,  and  afterwards  dried 
and  melted  as  before  with  one-tenth  of  its  weight 
of  soda-ash ;  or  the  metallic  silver  powder  may  be 
dissolved  in  dilute  nitric  acid,  after  well  washing 
with  hot  water,  to  form  nitrate  of  silver,  which 
can  then  be  used  for  making  up  a  silver  solution, 
if  the  operative  treatment  is  being  conducted  in  con- 
nection with  a  silver-plating  establishment ;  or  the 
complete  precipitate,  without  any  washing,  may  be 
dried  and  burnt  to  dry  powder  and  mixed  with  two- 
fifths  its  weight  of  soda-ash  and  melted,  as  before 
directed,  and  afterwards  sold  to  the  refiners,  on  the 
results  of  two  or  more  assay  trials.  When  washing 
is  adopted,  the  wash  waters  should  always  be  pre- 
served and  passed  through  the  general  waste-water 
tanks,  as  they  usually  contain  a  little  silver,  which 
may  there  be  precipitated,  when  in  the  soluble 
state,  with  muriatic  acid  or  a  solution  of  common 
salt  as  a  final  treatment.  The  solid  particles  of 
silver  settle  down  by  the  act  of  gravity  alone  when 
the  liquid  is  at  rest. 

The  Metallic  Zinc  Process 

There  is  still  another  method  for  treating  acid 
stripping  solutions  for  the  recovery  of  the  silver 
in  the  metallic  condition,  and  this  consists  (after 
diluting  the  strip  with  about  five  times  its  volume 
of  water,  in  the  manner  before  directed)  in  placing 
in  the  diluted  liquid  a  stout  plate  of  zinc,  and  this 
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will  precipitate  the  silver  as  a  finely  divided  metallic 
powder.  More  water  is  required  to  be  added  to  the 
stripping  solution  in  the  zinc  process  in  order  to 
destroy  some  of  the  corrosive  action  of  the  acids 
and  render  them  less  attackable  on  the  zinc  plate — 
zinc  being  much  more  attackable  than  copper.  The 
chief  point  for  consideration  by  the  zinc  process  is 
to  see  that  the  stripping  liquid  is  not  too  strongly 
acid  to  dissolve  the  zinc  too  rapidly,  but  it  is  open 
for  silver  workers  to  consider  which  method  is  best 
suited  to  their  individual  interests  to  adopt,  as  I 
am  giving  in  detail  all  the  practically  commercial 
plans  most  likely  to  lead  to  economical  and  successful 
results.  The  zinc  is  an  electro-positive  metal  to 
silver,  and  soon  displaces  that  metal  when  in  solu- 
tion in  all  kinds  of  liquids  in  the  most  perfect 
manner,  leaving  the  liquid  standing  above  the  pre- 
cipitate thrown  down  a  clear  water-white  colour 
and  quite  free  from  the  precious  metal.  Zinc 
precipitates  all  the  metals  likely  to  be  present  in 
stripping  solutions.  If  the  acidity  of  the  solution 
is  of  just  sufficient  strength  to  dissolve  the  oxide 
of  zinc  as  it  is  formed,  and  also  prevent  a  layer  of 
hydrogen  adhering  to  the  surface,  the  silver  will 
not  be  deposited  thereon,  but  fall  to  the  bottom  of 
the  tank  in  the  metallic  state,  and  this  electro- 
chemical action  continues  until  the  whole  of  the 
silver  is  thrown  down.  The  theory  of  the  process 
is,  that  owing  to  the  immersion  of  the  zinc  plate 
the  oil  of  vitriol  is  decomposed  into  its  component 
parts,  the  free  acid  attacking  the  zinc,  the  oxygen 
of  the  water  uniting  with  the  zinc,  forming  ZnO, 
and  then  dissolves  into  a  liquid,  whilst  the  nascent 
hydrogen  gas  which  is  liberated  becomes  dispersed, 
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and  in  its  endeavours  to  escape  from  the  solution 
reacts  on  the  soluble  silver,  separates  it  from  the 
liquid,  and  reduces  it  to  the  metallic  condition ; 
thus  an  exchange  of  metals  takes  place  in  the  solu- 
tion, the  sulphate  of  silver  being  replaced  by- 
sulphate  of  zinc  in  the  liquid  form.  Iron  may  be 
employed  in  obtaining  metallic  silver  from  acid 
stripping  solution  instead  of  copper  or  zinc,  but  it 
is  a  slower  method  and  not  so  clear  and  certain  in 
its  action.  The  sediment  resulting  from  the  metallic 
zinc  method  may  be  finally  dried,  burnt  and  melted 
in  a  fireclay  crucible  in  the  ordinary  manner,  with 
two-fifths  its  weight  of  soda-ash  as  flux,  into  a  button 
of  mixed  metals,  or  with  one  of  the  special  fluxing 
mixtures  with  which  I  have  already  provided  the 
reader  for  this  kind  of  waste.  An  alternative 
method  is  to  put  the  precipitated  product  into  other 
saved  wastes  and  sell  the  lot  to  gold  and  silver 
smelters  at  stated  periods  of  the  year.  When  it  is 
desired  to  obtain  pure  silver,  to  be  made  use  of 
again  in  the  workshop,  the  same  kind  of  treatment 
must  be  adopted  for  this  purpose  as  that  outlined 
in  narrating  the  metallic  copper  process  for  the 
reduction  of  silver  from  acid  stripping  solutions. 

In  the  case  of  acid  silver  stripping  solutions, 
when  they  become  saturated  with  silver,  it  begins 
to  crystallise  on  the  sides  and  bottom  of  the  vessel 
as  sulphate  of  silver  (Ag2S04),  and  when  the  water 
is  mixed  with  the  liquid  in  preparing  it  for  the  pre- 
cipitating operation  these  crystals  do  not  entirely 
redissolve,  sulphate  of  silver  being  almost  insoluble 
in  water,  unless  very  much  diluted,  but,  notwith- 
standing this,  the  liquid  will  still  be  impregnated 
with  dissolved  silver,  which   is   thrown   down   by 
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either  of  the  methods  I  have  described  above,  in 
the  stated  form  applicative  to  each  particular 
process.  No  notice  need  be  taken  in  the  factory  of 
the  undissolved  sulphate  of  silver  in  recovering  the 
silver  from  stripping  solutions  as  regards  changing 
its  form  purposely,  that  may  be  safely  left  to  the 
ordinary  reactions  taking  place  in  the  mass  of 
mingled  ingredients  within  the  vessel ;  it  will  be 
sufficient  to  collect  the  whole  of  the  intermixed 
sediment  after  the  precipitation  of  the  silver  has 
taken  place  and  to  dry  and  burn  it  to  powder  ;  the 
residue  may  then  be  transferred  to  a  crucible  and 
melted  in  the  usual  way  into  a  solid  lump  of  metal, 
or  mixed  with  other  wastes  rich  in  metal  and  pre- 
served till  clearing-up  time,  when  it  can  be  sampled 
by  refiners  as  a  part  of  the  ordinary  waste,  and 
treated  by  them  to  a  process  of  smelting  for  the 
recovery  of  the  precious  metals. 

Copper,  zinc,  and  iron  will  precipitate  metallic 
silver  from  solutions  of  the  sulphate  of  silver. 

Sulphate  of  silver  (Ag2S04)  may  be  formed  by 
boiling  precipitated  silver,  or  silver  filings,  in 
sulphuric  acid ;  it  consists,  as  a  chemical  salt,  of 
white  crystals,  only  slightly  soluble  in  cold  water, 
and  to  a  solution  of  nitrate  of  silver  it  may  be  pre- 
cipitated by  adding  a  solution  of  sulphate  of  soda 
(Na2S04),  commonly  known  by  the  name  of  Glauber's 
salts.  Precipitated  silver  sulphate  is  converted  into 
metallic  silver  and  sulphurous  acid  gas  (SO2)  which 
escapes  by  gradually  heating  the  product  up  to  a 
red-heat. 


CHAPTER  XXIV 

recovering  silver  from  nitric  acid  solutions 

The  Metallic  Copper  Process 

Solutions  of  silver  in  which  nitric  acid  has  been 

used  should  be  diluted  with  about  twice  their  bulk 

of  water  (the  water  can  be  added  to  the  nitric  acid 

solution,  as  there  is  no  danger  of  injurious  results 

following,  such  as  those  of  adding  water  to  sulphuric 

acid),  and  then  precipitate  the  silver  with  strips  of 

copper  or  sheet  copper.     The  silver  is  precipitated 

in  a   finely   divided    metallic   condition,  and   after 

resting  to  enable  the  liquid  to  become  clear,  the 

latter  can  be  drawn  or  decanted  off,  the  sediment 

well  washed  with  three   or   four   separate   lots   of 

water,  if  you  desire  fine  silver,  and  melted  down  with 

one-tenth  its  weight  of  bicarbonate  of  potash  into 

soft  fine  metal.     The  clear  blue  solution,  after  the 

precipitating  operation  has  been  performed,  contains 

nitrate  of  copper,  and  this  may  be  precipitated,  if 

desired,  by  the  immersion  of  a  few  scraps  of  clean 

wrought  iron  and  recovered  again  in  the  metallic 

form.     The  silver  solution  should  be,  to  the  light, 

quite  blue-clear  when  the  copper  has  done  its  work, 

and  in  order   to   ascertain   if   there   is   any   silver 

remaining  in  the  liquid  test  a  portion  withdrawn 

from  it  into  a  test-tube  with  hydrochloric  acid,  and 

224 
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if  no  grey  cloudiness  is  observed  it  will  be  a  complete 
indication  that  all  the  silver  has  been  extracted  from 
the  solution. 

The  Common  Salt  Process 

When  a  mixed  alloy  of  silver  has  been  dissolved 
in  nitric  acid,  and  it  is  desired  to  recover  the  silver 
therefrom  in  the  form  of  pure  chloride  of  silver,  the 
liquid  should  be  diluted  with  about  three  or  four 
times  its  volume  of  water,  and  a  solution  of  common 
salt — one  of  salt  to  five  of  water — poured  in  by 
degrees  with  gentle  stirring  ;  this  will  precipitate  the 
silver  in  the  form  of  silver  chloride,  leaving  all  the 
other  metals  in  the  solution  in  their  liquid  state, 
except  lead  or  mercury,  and  these  are  not  likely  to 
be  present.  Hydrochloric  acid  will  also  precipitate 
the  silver  in  a  like  condition  to  the  common  salt. 
The  common  salt  solution  causes  the  following 
reactions  to  take  place  in  the  nitrate  of  silver 
solution,  which,  when  mixed  together,  will  consist 
mainly  of  the  following  mass  of  mingled  ingredients  : 
silver,  nitric  acid,  chlorine  and  sodium ;  the  nitric 
acid  leaves  the  silver  and  combines  with  the  sodium, 
for  which  it  has  greater  affinity,  forming  nitrate  of 
sodium  and  liberating  the  chlorine,  and  the  latter  in 
turn  combines  with  the  silver,  forming  chloride  of 
silver,  which  gradually  falls  to  the  bottom  of  the 
precipitating  vessel  as  a  white  curdy  flocculent 
powder,  which,  does  not  adhere  to  the  sides  of  the 
vessel  in  which  it  is  thrown  down,  but  falls  directly 
to  the  bottom. 

Sometimes  it  may  be  desirable  to  use  only  just  as 
much  common  salt  solution  as  will  completely 
precipitate  the  silver.     In  such  cases  great  caution 

15 


226     Precious  Metals  from  Waste  Liquid  Residues 

has  to  be  exercised,  and  it  is  advisable  to  add  the 
salt  solution  by  degrees,  especially  towards  the  end 
of  the  operation,  until  all  the  silver  has  been  thrown 
down.  Frequent  stirring  and  allowing  the  liquid  to 
clear  before  another  addition  of  the  salt  solution  is 
made  will  enable  you  to  judge  whether  any  more  of 
the  precipitant  is  required  ;  also  by  withdrawing  a 
little  of  the  liquid  into  a  clean  glass  test-tube  and 
pouring  into  it  a  few  drops  of  pure  hydrochloric 
acid,  when,  if  it  produces  a  grey  cloudiness  in  the 
liquid,  all  the  silver  is  not  thrown  down  ;  if,  on  the 
other  hand,  no  cloudiness  is  perceived,  all  the  silver 
has  been  precipitated,  and  the  bluish  green  liquid 
may  safely  be  poured  or  syphoned  off  the  precipitated 
silver.  This  is  a  very  delicate  mode  for  ascertaining 
the  existence  of  silver  in  nitrate  solutions.  The 
liquid  standing  above  the  chloride  of  silver,  when 
the  process  is  completed,  is  not  clear  water-white, 
it  will  show  a  greenish  tinge  when  other  metals  are 
present  besides  copper,  but  it  will  be  sufficiently 
transparent  to  perceive  if  any  turbidness  is  set  up 
when  the  testing  liquid  is  applied.  Hydrochloric 
acid  will  precipitate  chloride  of  silver  from  its 
nitrate  solution  in  a  condition  consisting  of  finer 
flakes  than  does  common  salt.  The  same  reactions 
as  with  the  latter  are  produced  in  the  solution, 
with  the  exception,  that  instead  of  nitrate  of  sodium 
being  formed  and  remaining  in  the  liquid,  nitric 
acid  takes  its  place. 


CHAPTER  XXV 


WASHING   PRECIPITATES 


When  pure  chloride  of  silver  is  the  object  to  be 
obtained,  after  drawing  off  or  decanting  the  super- 
natant liquid,  you  will  next  proceed  to  wash  the 
sediment  remaining  from  all  trace  of  acid,  or  of 
nitrate  of  sodium  that  may  be  contained  therein, 
with  plenty  of  water  (hot  preferred) ;  it  will  require 
three  or  four  separate  washings,  with  sufficient  time 
between  each  to  allow  the  water  (if  hot)  to  cool 
and  the  sediment  to  settle,  before  pouring  the  water 
off,  which  at  the  finish  should  be  clear,  and  you  will 
then  have  pure  silver  chloride  theoretically  con- 
taining 15  dwts,  of  fine  silver  in  each  ounce  of  the 
dried  compound  mixture.  The  vessels  in  which 
precipitates  are  to  be  washed  by  decanting  or 
pouring  off,  should  have  a  smaller  top  than  bottom, 
and  be  rather  tall,  when  the  clear  supernatant  liquid 
may  be  poured  ofi"  by  gently  inclining  the  vessel 
(see  fig.  12),  which  will  enable  the  water  to  run 
away  without  carrying  any  of  the  precipitate  along 
with  it.  When  the  first  lot  of  water  has  been 
poured  off",  the  vessel  is  nearly  filled  with  water 
again,  the  precipitate  stirred  with  a  glass  rod  or 
other  clean  substitute,  allowed    to    settle,  and  the 

water  poured  off  as  before  ;  this  is  repeated  until  all 
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foreign  matter  is  removed  and  the  washings  come 
off  clear,  when  the  operation  is  finished.  Any  copper 
or  other  metal  that  may  have  been  in  the  silver 
alloy  remains  in  the  nitric  acid  solution  in  the  liquid 
form  after  the  silver  has  been  "  thrown  down  "  by 
either  hydrochloric  acid  or  the  solution  of  common 
salt,  and  is  poured  off  in  the  first  liquid.  It  is  not 
worth  while  trying  to  recover  the  copper.  The 
pure  chloride  of  silver  may,  according  to  circum- 
stances, be  used  to  make  up  into  a  silver-plating 
solution,  or  dried,  and  melted  into  a  bar  of  pure 
silver  and  used  for  alloying  purposes.  An  alterna- 
tive method,  which  finds  the  most  favour  in  manu- 
facturing establishments  in  dealing  with  precipitated 
products,  is  to  add  them,  without  washing,  to  other 
preserved  wastes  and  sell  the  lot  to  refiners  of 
precious  metals  at  regular  periods,  and  this,  no 
doubt,  when  not  being  scientifically  treated,  is  by 
far  the  most  economical  and  best  course  to  adopt. 

Silver  chloride  is  perfectly  insoluble  in  water  and 
diluted  acids,  and  only  sparingly  soluble  in  concen- 
trated acids ;  it  is,  however,  freely  soluble  in  liquid 
ammonia,  cyanide  of  potassium,  cyanide  of  sodium, 
and  hyposulphite  of  soda. 


CHAPTER  XXVI 

RECOVERING   SILVER   FROM   GLASS    MIRROR   MAKERS' 
SOLUTIONS 

Glass  mirrors  or  looking-glasses  are  silvered,  ac- 
cording to  the  modern  method,  with  a  solution 
composed  of  nitrate  of  silver,  Rochelle  salts,  water, 
and  a  small  portion  of  liquid  ammonia,  and  after  the 
ammonia  has  escaped  a  brilliant  mirror  of  silver  is 
obtained ;  and  as  a  large  amount  of  silver  is  used  in 
these  trades,  it  is  only  natural  that  a  considerable 
quantity  of  silver  should  find  its  way  into  the  waste 
products  ;  and  many  small  firms  make  no  attempt 
to  save  their  waste  liquids,  but  regularly  throw  them 
away  as  not  being  worth  saving  for  the  recovery  of 
the  silver.  This  is  a  mistaken  notion  of  economy, 
and  the  method  herein  given  for  recovering  the 
silver  from  glass  mirror  makers'  solutions  is  so 
simple  and  inexpensive,  when  carried  out  according 
to  the  directions  briefly  outlined  below,  that  no 
difficulty  is  placed  in  the  way  of  its  recovery. 
There  are  several  ways  by  which  the  silver  may  be 
recovered,  but  the  following  is  perhaps  the  simplest 
of  all  :— 

The  Muriatic  Acid  Process 

The  waste  silver   liquid  is  put  into   a   prepared 

wooden  tank  or  barrel  of  sufficient  size  to  take  all 
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that  is  made  during  a  full  day's  working  ;  and  after 
the  day's  work  is  over,  pour  some  muriatic  acid,  or 
spirits  of  salts,  into  the  receptacle  in  sufficient 
quantity  to  "  throw  down  "  the  whole  of  the  silver 
that  has  gone  to  waste  during  the  day.  Stir  the 
solution  with  a  wooden  stick  while  you  are  steadily 
pouring  in  the  acid.  It  will  take  about  2  ozs.  of 
muriatic  acid  to  "  throw  down "  1  oz.  of  silver  in 
the  form  of  silver  chloride ;  this  will  consist  theo- 
retically of  75  per  cent,  of  silver.  In  the  morning 
the  whole  of  the  silver  will  have  left  the  liquid  and 
fallen  to  the  bottom  of  the  tank  as  a  grey  flaky 
substance,  when  the  major  portion  of  the  water 
may  be  drawn  off  with  a  rubber  tube,  but  before 
doing  this  it  will  be  advisable  to  test  some  portion 
of  the  supernatant  liquid  with  a  few  drops  oi  pure 
hydrochloric  acid,  to  make  sure  that  no  silver 
is  retained  in  the  liquid.  The  liquid  at  this  stage 
should  be  quite  clear,  and  when  free  from  silver  no 
chemical  action  of  any  kind  should  be  observable 
to  the  craftsman  on  adding  the  hydrochloric  acid 
testing  fluid.  When  this  is  the  case,  the  clear 
solution  at  the  top  may  be  syphoned  off  and  thrown 
away.  The  chloride  of  silver  on  the  bottom  may 
be  left  there,  and  the  ensuing  day's  waste  put  on 
the  top  of  it,  and  in  the  evening  again  treated  as 
before,  and  repeated  day  by  day  until  it  is  necessary 
to  remove  the  chloride  of  silver  from  the  tank  and 
start  afresh.  If  preferred,  a  solution  of  common 
salt  may  be  used  as  a  precipitant  in  place  of  the 
muriatic  acid. 

The  chloride  of  silver,  after  being  removed  from 
the  tank,  is  dried  and  melted  in  order  to  obtain 
metallic  silver.     There  are  two  methods  employed 
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in  effecting  this  result,  namely — (l)  by  melting  the 
dry  chloride  with  soda-ash,  and  (2)  by  reducing  the 
chloride  of  silver  to  the  metallic  state  by  means  of 
metallic  iron  or  zinc  in  a  dilute  oil  of  vitriol  solu- 
tion, and  then  melting  down  the  metallic  powder 
and  casting  into  an  ingot  mould.  The  latter  method 
only  requires  one  melting  operation,  whereas  the 
former  will  require  two,  for  the  chloride  of  silver 
requires  a  considerable  amount  of  flux  to  collect 
together  all  the  fine  particles  of  silver  into  a  button 
or  solid  lump  ;  thus  a  large  quantity  of  slag  is  formed 
which  necessitates  the  silver  being  allowed  to  cool 
in  the  crucible,  and  then  breaking  the  crucible  to 
recover  the  metallic  button  of  silver ;  and  this  has 
to  be  remelted  and  cast  into  a  bar  before  it  can  be 
assayed,  for  the  reason  that  no  refiner  of  metals 
will  take  an  assay  from  the  lump  form  as  it  leaves 
the  crucible  after  being  broken,  and  presenting  a 
corresponding  shape  to  the  inside  bottom  of  the 
crucible,  therefore  it  is  necessary  for  his  test  to 
again  melt  the  button  and  cast  the  metal  into  ingot 
form.  Unless  plenty  of  flux  is  used  in  melting 
chloride  of  silver,  the  slag  does  not  become  suffi- 
ciently liquid  to  allow  the  tiny  globules  of  silver 
as  they  form  under  fusion  to  collect  together  and 
fall  to  the  bottom  of  the  crucible.  A  small  quantity 
of  flux  will  not  reduce  all  of  the  silver.  From  one- 
half  to  three-fifths  the  weight  of  the  silver  chloride 
precipitated  from  hydrochloric  acid  will  be  needed 
of  reducing  flux  to  separate  the  whole  of  the  silver 
from  acid-formed  precipitates  of  this  kind. 

The  chloride  of  silver  must  have  all  moisture 
eliminated  before  the  melting  is  undertaken ;  this 
is   best  done   in  a  shallow  iron   pan  (see   fig.  20), 
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coated  with  a  chalk  or  lime  paste  and  well  dried, 
before  putting  in  the  silver  chloride.  Do  not  heat 
the  iron  pan  too  hot,  or  the  silver  chloride  may 
melt  into  what  is  known  as  horn  silver  without 
changing  the  nature  of  the  fused  body.  If  the 
heating  is  done  carefully,  and  at  a  low  heat,  there 
should  be  no  risks  of  melting  the  chloride  into 
horn  silver  or  fused  chloride  of  silver,  and  it  is 
quite  possible  to  make  the  iron  pan  almost  red-hot 
without  doing  this  by  constant  stirring  of  the  con- 
tents. After  the  drying  and  burning,  so  to  speak, 
has  been  effected,  and  time  allowed  for  the  mass 
to  become  cold,  it  is  removed  from  the  iron  pan, 
and  pulverised  into  a  fine  state,  mixed  with  soda- 
ash  in  one  or  other  of  the  aforesaid  proportions, 
and  melted  in  a  clay  crucible.  The  action  of  the 
soda-ash  is  to  bring  the  silver  together  into  one 
solid  compact  metallic  lump  at  the  bottom  of  the 
crucible  by  searching  through  every  part  of  the 
mixed  mass  where  the  silver  is,  and  assisting  in 
its  complete  collection  and  fusion.  If  the  boiling 
mass,  when  that  point  is  reached,  shows  any  signs 
of  boiling  over,  add  some  dried  common  salt  in 
powder,  and  this  will  check  it  at  once.  When  the 
contents  of  the  crucible  assumes  the  form  of  a  thin 
liquid,  and  quietness  exists,  without  ^ny  kind  of 
upheaval,  all  the  silver  has  left  the  slag,  and  the 
pot  can  be  taken  out  of  the  fire.  When  cool,  it 
can  be  broken,  and  the  whole  of  the  silver  will  be 
found  at  the  bottom,  which  only  requires  remelting 
and  casting  into  bar  form,  when  it  will  be  ready 
to  be  sent  to  a  refiner  for  an  offer,  after  trial  by 
an  assay.  The  reason  why  refiners  will  not  make 
an  offer    from  the  lump,  or   button,  as  it  is  often 
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called,  is  because  it  is  not  uniform  in  quality — a 
feature  caused  through  the  slow  cooling  and  the 
high  specific  gravity  of  all  precious  metals,  which 
force  their  way  through  lighter  metals  to  the 
bottom,  thus  making  it  richer  in  that  part  than  at 
the  top. 

In  manufacturing  establishments,  where  a  large 
accumulation  of  precipitated  substances  have  to  be 
dealt  with,  the  best  and  cheapest  plan  is  to  sell 
them  to  smelting  firms,  who,  having  large  appliances, 
execute  their  work  on  a  large  scale  at  the  lowest 
possible  cost,  and  will  either  pay  the  value  of  the 
precious  metals  extracted  in  cash  or  exchange  the 
amount  in  new  gold  or  silver,  whichever  may  be 
required. 


CHAPTER  XXVII 

RECOVERING  SILVER  FROM  PHOTOGRAPHERS'  OLD 
HYPO  SOLUTIONS 

The  method  herewith  described  for  recovering  the 
silver  from  photographers'  solutions  applies  prin- 
cipally to  the  alkaline  hyposulphite  of  soda  solu- 
tions, as  these  are  the  only  ones  used  by  photo- 
graphers which  contain  sufficient  silver  to  make  it 
worth  while  adopting  a  separate  process  of  treat- 
ment for  the  recovery  of  the  silver.  The  hypo- 
sulphite of  soda  (Na2S203)  has  the  property  of 
dissolving  bromide  of  silver  (AgBr) ,  iodide  of  silver 
(Agl),  chloride  of  silver  (AgCl),  and  nitrate  of 
silver  (AgN03),  and  this  led  to  the  "  hypo"  solution 
being  employed  for  the  removal  from  the  photo- 
graphic picture  either  of  the  above-named  salts  of 
silver  unacted  on  by  the  light.  Nitrate  of  silver, 
as  a  salt,  consists  of  colourless  crystals,  easily 
soluble  in  water,  and  is  the  basis  of  the  other 
silver  salts.  As  very  few  photographers  make 
their  own  plates,  these  being  prepared  in  large 
manufactories,  the  principal  solutions,  therefore,  of 
the  photographer,  to  which  importance  is  attached 
so  far  as  this  discourse  is  concerned,  are  the 
"developer"  and  the  "fixing"  solution.  The 
"developer"  is  the  solution  employed  to  bring  up 

the  likeness  of  the  picture,  and  before  using  con- 
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tains  no  silver ;  after  being  used  traces  of  silver 
are  found  to  exist,  but  not  in  sufficient  amount  to 
warrant  tlie  separately  saving  of  the  solution. 
The  developing  solution  reduces  the  silver  salt  to 
metallic  silver  on  that  portion  of  the  plate  which 
has  been  exposed  to  the  light  through  the  lens  in 
the  camera,  and  which  then  constitutes  the  image 
or  likeness  of  the  object  taken.  The  portions  of 
the  plate  unacted  upon  by  the  light  are  not  reduced 
by  the  "  developing  solution,"  and  are,  therefore, 
left  in  the  form  of  bromide  of  silver,  or  in  the  form 
of  any  other  salt  of  silver  that  may  have  been 
employed  in  making  the  plates.  After  the 
"  developer  "  has  been  used,  the  plate  is  sometimes 
dipped  into  a  solution  of  alum  to  harden  the  pre- 
pared gelatine  coating  which  holds  the  silver  and 
prevents  it  from  peeling  off;  when  it  is  finally 
soaked  in  a  solution  of  hyposulphite  of  soda,  or 
"  hypo,"  as  it  is  usually  called  by  photographers. 
This  solution  removes  the  silver  salt  that  the  light 
has  failed  to  act  upon,  but  does  not  dissolve  the 
black  metallic  silver  reduced  into  the  form  of  the 
picture  by  the  developer.  This  process  is  called 
"  fixing,"  and  the  plate  may  thereafter  be  exposed 
to  the  light  without  injury.  All  the  silver  unacted 
upon  by  the  light  is  dissolved  by  the  hyposulphite 
of  soda,  leaving  the  black,  reduced  silver  comprising 
the  likeness  untouched.  The  hyposulphite  of  soda, 
or  "fixing  solution"  is  the  only  one  containing 
sufficient  silver  to  call  for  separate  treatment  in  the 
photographer's  studio.  All  the  other  solutions  may 
be  put  into  the  general  waste-water  tanks  and  there 
dealt  with  in  the  ordinary  manner  for  the  recovery 
of  the  silver. 
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The  silver  in  hypo  solutions,  if  large,  cannot  be 
"  thrown  down  "  in  the  same  manner  as  is  applic- 
able to  cyanide  and  other  solutions  of  silver — that 
is  to  say,  with  hydrochloric  acid  to  form  silver 
chloride ;  but  if  the  solution  of  hypo  is  a  small  one 
and  could  conveniently  be  boiled  for  some  time,  and 
then  adding  to  it  an  excess  of  hydrochloric  acid,  or 
by  using  slightly  diluted  sulphuric  acid,  the  whole 
of  the  silver  is  quickly  precipitated  as  silver 
sulphide  in  admixture  with  free  sulphur,  while 
sulphurous  acid  gas  is  at  the  same  time  abundantly 
discharged ;  and  this  process,  although  not  one  of 
the  best,  may  be  adopted  for  the  recovery  of  silver 
from  some  old  photographic  hyposulphite  solutions, 
if  preferred. 

Waste  liquids  holding  silver  in  the  form  of  a 
single  salt  by  nitric  acid  are  easily  treated,  for,  by 
adding  to  them  an  excess  of  common  salt,  or  hydro- 
chloric acid,  the  silver  will  be  precipitated  into  a 
curdy,  white,  spongy  substance  of  chloride  of  silver, 
which  after  washing,  to  remove  the  slight  amount 
of  soda  or  acid  in  admixture  with  it,  may  be 
employed  for  the  preparation  of  a  new  solution — 
though  some  may  not  be  in  favour  of  this  method — 
or  reduced  to  the  metallic  state  in  the  manner 
already  described.  Common  salt,  however,  is 
without  action  upon  strong  liquids  holding  silver 
in  the  state  of  a  double  salt,  and  will  rather  aid  its 
solution  than  effect  its  precipitation.  The  hypo- 
sulphite of  soda  and  silver  is  one  of  these  com- 
pounds. By  first  adding  a  moderate  quantity  of  oil 
of  vitriol  to  an  "  hypo "  solution  the  reactions  set 
up  are  such  as  to  neutralise  or  displace  other  acids 
and  salts,  and  cause  the  silver  to  be  restored  to  a 
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single  salt  like  sulphate  of  silver,  which  is  easily 
precipitated  by  common  salt. 

The  three  mineral  acids — nitric,  hydrochloric,  and 
sulphuric — do  not  precipitate  silver  directly  from 
the  double  hyposulphite  of  silver  solutions  in  a 
commercially  satisfactory  manner.  Hydrochloric 
acid,  if  used  to  great  excess,  will  precipitate  nearly 
all  the  silver  from  these  solutions,  but  it  is  not 
completely  successful ;  it  is  also  expensive,  and 
sulphurous  acid  gas  is  evolved  in  large  quantity, 
the  silver  being  precipitated  as  sulphide  of  silver 
(Ag2S)  in  admixture  with  free  sulphur,  and  not  as 
one  would  have  contemplated,  as  silver  chloride 
(AgCl).  Similar  reactions  occur  when  excess  of 
sulphuric  acid  is  employed  in  place  of  hydrochloric 
acid  to  precipitate  the  silver  from  hyposulphite  of 
silver  and  soda  solutions,  namely,  the  silver  is  pre- 
cipitated in  the  form  of  sulphide  of  silver  together 
with  some  sulphur,  sulphurous  acid  gas  (SO2)  being 
at  the  same  time  liberated  in  large  volume.  This 
method  is,  therefore,  not  one  that  can  conveniently, 
or  with  safety,  be  adopted  commercially  for  the 
recovery  of  the  silver  from  old  hyposulphite  solu- 
tions of  photographers.  The  whole  of  the  silver 
may,  very  simply,  be  precipitated  from  its  solution 
in  hyposulphite  of  soda  by  sulphide  of  sodium 
(Na2S),  and  to  this  method  I  shall  now  direct  the 
reader's  attention. 

The  Sulphide  of  Sodium  Process 

The  hyposulphite  of  soda  solutions  are  used  until 
nearly  exhausted.  They  should  then  be  poured 
into  a  capacious  vessel  or  tank  and  preserved  until 
it  is  nearly  full,  when  the  precipitation  of  the  silver 
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may  be  brought  about  by  adding  a  solution  of 
sulphide  of  soda.  This  is  poured  into  the  hypo- 
sulphite of  soda  and  silver  solution,  with  gentle 
stirring,  and  sufficient  added  until  all  the  silver  is 
supposed  to  be  thrown  down,  afterwards  allowing  it 
to  stand  for  a  few  hours  to  enable  the  sulphide  of 
silver  which  is  forming,  to  fall  down  and  settle  to 
the  bottom  of  the  precipitating  vessel.  The  sul- 
phide of  sodium  will  precipitate  the  silver  in  the 
hypo  solution  as  silver  sulphide  (Ag2S),  and  the 
precipitating  liquid  must  be  added  until  no  further 
reactions  are  set  up,  which  is  easily  ascertained  by 
the  absence  of  black  flakes  in  the  body  of  the  solu- 
tion after  the  formation  of  the  sulphide  of  silver 
has  taken  place,  as  these  almost  immediately  settle 
down  to  the  bottom  of  the  vessel,  leaving  the  top  of 
the  solution  clear.  The  flocky  precipitate  having 
settled,  add  some  more  sulphide  of  sodium  liquor  to 
make  sure  that  all  the  silver  has  been  removed 
from  solution,  and  if  it  is  found  that  a  sufficient 
quantity  has  not  been  added  to  effect  this,  add  some 
more  of  the  sodium  sulphide  solution  to  precipitate 
all  the  silver,  but  do  not  add  more  than  is  necessary, 
although  a  moderate  excess  is  not  detrimental  to  the 
success  of  the  operation.  When  enough  sulphide 
of  soda  has  been  added  to  "  throw  down  "  or  precipi- 
tate all  of  the  silver  to  the  insoluble  condition  in 
the  hypo  solution  (hyposulphite  of  soda  does  not  re- 
dissolve  sulphide  of  silver),  the  contents  of  the  vessel 
must  be  allowed  to  stand  unmolested  for  a  reasonable 
time  to  give  the  sulphide  of  silver  an  opportunity 
to  completely  settle  free  of  the  hyposulphite  of  soda 
liquid,  when  the  black  sulphide  of  silver  will  all  be 
found  on  the  bottom  of  the  vessel.     A  little  of  the 
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clear  solution  standing  on  the  top  of  the  sediment  is 
now  taken  in  a  clean  glass  test-tube  and  tested  with 
a  few  drops  of  sodium  sulphide.  If  a  dark  colour  is 
produced,  it  is  proof  that  some  silver  is  still  in 
solution,  and  more  precipitant  is  required  to  be 
added  to  remove  it ;  if,  on  the  other  hand,  no  dark 
colour  appears  in  the  test-tube,  all  the  silver  has 
been  extracted,  and  the  liquid  may  be  syphoned  off 
the  sediment  and  thrown  away. 

Silver  in  hyposulphite  of  soda  solutions  is  wholly 
precipitated  from  its  solution  by  sulphide  of  soda. 
The  precipitating  solution  should  consist  of  one  part 
of  sulphide  of  soda  dissolved  in  five  parts  of  water, 
and  a  suflBcient  quantity  of  solution  prepared  upon 
this  basis  to  satisfy  the  different  requirements,  such 
as  those  dealing  with  small  or  k  'ge  volumes  of 
discarded  hypo  solutions. 

The  sulphide  of  silver,  when  the  precipitation  is 
completed,  will  all  be  on  the  bottom  of  the  vessel 
contaminated  with  other  matter  as  a  slime,  and  if 
you  want  to  obtain  fairly  pure  sulphide  the  pre- 
cipitated mass  should  be  washed  with  water,  by 
well  stirring  it  up  and  then  allowing  it  to  settle. 
The  water  on  the  top  is  decanted  or  syphoned  off 
and  the  washing  operation  repeated.  This  is  re- 
newed several  times  until  the  water  comes  off  clear, 
when  nearly  pure  sulphide  of  silver  will  remain  in 
the  moist  state,  and  when  dried  contains  about 
17  dwts.  per  oz.  theoretically  of  metallic  silver.  If 
you  wish  to  reduce  this  to  metallic  silver,  the 
simplest  way  is  to  dissolve  it  in  dilute  nitric  acid 
— 1  of  acid  to  4  of  water — when  the  silver  will  go 
into  solution,  leaving  the  sulphur  unacted  upon ; 
filter  this  off  the  insoluble  sulphur  residue,  dilute 
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the  liquid  with  water,  and  precipitate  the  silver 
(which  is  contained  in  the  liquid  that  passes  through 
the  filter)  with  a  few  strips  of  sheet  copper  into  a 
pulverulent  powder  of  metallic  silver.  The  filtering 
is  adopted  for  the  purpose  of  extracting  particles  of 
floating  sulphur  that  may  remain  in  the  silver 
nitrate  solution  in  a  liocculent  or  flaky  condition  ; 
in  this  manner  all  the  sulphur  is  separated  from 
the  liquid  and  remains  on  the  filter.  You  may 
precipitate  the  silver  from  the  nitric  acid  solution 
in  the  form  of  silver  chloride  by  using  a  strong 
solution  of  common  salt  dissolved  in  water  in 
the  proportions  previously  stated,  or  change  into 
metallic  silver  by  means  of  a  thin  sheet  of  copper, 
which  is  better. 

The  sodium  sulphide  process  of  precipitating  the 
silver  from  hyposulphite  of  soda  solutions  is  so 
simple  that  photographers  can  do  it  at  frequent 
intervals  without  much  trouble  or  difficulty  of  any 
kind,  and  may  gradually  allow  the  sulphide  of 
silver  to  accumulate,  so  that  when  it  has  reached  a 
sufficient  amount  to  pay  for  sale,  it  can  be  sold  to 
silver  smelters  and  refiners,  who  readily  purchase 
this  kind  of  waste  as  it  is  usually  rich  in  silver. 
This  procedure  will  be  found  the  best  to  adopt 
financially,  for  the  reason  that  it  is  not'  advisable  for 
those  inexperienced  in  chemical  operations  to  enter 
into  operations  of  an  intricate  nature  without  taking 
into  consideration  the  ultimate  results  that  are 
likely  to  follow  defective  operations. 

The  recovery  of  silver  from  hyposulphite  of  soda 
solutions  used  for  photographic  purposes,  by  means 
of  hydrochloric  or  sulphuric  acid,  is  extremely  faulty, 
as  traces  of  the  metal  is  invariably  to  be  found  in 
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the  liquid  standing  above  the  precipitated  silver 
sulphide,  after  it  has  been  given  time  to  settle 
down.  For  precipitating  the  silver  from  these 
solutions  the  sodium  sulphide  process  is  much  to 
be  preferred,  excepting,  perhaps,  the  one  to  be 
described  hereafter.  When  the  sodium  sulphide 
fails  to  precipitate  any  more  silver  sulphide,  stop 
making  any  further  addition,  although  a  moderate 
excess  is  not  a  detriment,  the  idea  being  to  avoid 
adding  too  much  and 
cause  the  operation  to 
be  more  costly.  When 
a  quantity  of  sediment 
has  accumulated  in  the 
precipitating  vessel  — 
which  should  have  a 
very  smooth  surface, 
else  it  is  dijficult  to 
remove  therefrom  all 
the  finely  divided  wet 
powder  which  appears 
in  the  form  of  a  slimy 
substance  —  this  slime, 
after  the  water  standing 

above  it  has  been  drawn  ofi",  may  be  at  once  re- 
moved and  placed  in  a  filter  bag  of  closely  fabricated 
material,  prepared  for  such  operations,  and  hung  in 
a  wooden  frame  to  drain  away  the  remaining  water. 
The  accompanying  drawing  shows  a  suitable  kind 
of  arrangement  for  this  purpose. 

The  mass  in  the  bag  when  drained,  which,  beside 
sulphide  of  silver,  will  be  composed  of  sulphate  of 
soda ;  but  this  may  be  washed  out  along  with  other 

soluble  salts  by  pouring  water  over  the  mass  and 

16 


Fig.  23. — Filtering  bag  in  wooden 
frame. 
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letting  it  drain  into  the  bucket  placed  beneath  the 
filtering  bag.  The  washing  operation  being  repeated 
several  times — but  this  is  unnecessary — it  will  be 
sufficient  to  well  dry  the  powder  at  a  low  heating 
at  first,  in  the  roasting  furnace  (see  fig.  20),  and 
to  a  further  and  higher  heating  afterwards  to 
which  atmospheric  air  has  access,  to  prepare  it  for 
the  melting  pot,  or  for  placing  among  other  pre- 
served wastes.  Ordinary  hyposulphite  of  soda  solu- 
tions do  not  react  on  silver  sulphide  (Ag2S)  like 
alkaline  cyanides,  which  dissolve  it. 

If  it  is  desired  to  melt  down  the  dry  burnt 
powder  into  a  solid  lump  of  metal,  it  is  mixed  with 
a  reducing  flux,  put  into  a  clay  crucible,  the  crucible 
put  into  the  fire  of  a  wind  furnace,  and  when  the 
whole  has  fused,  it  is  taken  out  of  the  fire  and 
allowed  to  cool.  After  a  time  it  becomes  congealed, 
and  then  with  a  few  blows  from  a  hammer  the 
crucible  falls  apart  and  the  button  of  silver  rolls 
out.  This  is  weighed  and  carefully  tested  by  assay, 
and  notes  are  usually  made  of  the  results  of  the 
various  operations  in  the  order  that  they  proceed. 
The  following  is  a  good  fluxing  substance  for  this 
kind  of  residue  : — 

Burnt  silver  sulphide        .         .10  ozs.  or  100  ozs. 
Carbonate  of  soda  (soda-ash)     .       3   „     „     30   ,, 
Nitrate  of  potassium  (saltpetre)       1  oz.    „     10   „ 

The  saltpetre  is  best  added  by  degrees  as  the 
melting  progresses,  and  not  all  at  once  at  the 
commencement,  as  this  causes  the  mass  in  the 
crucible  to  rise,  and  such  action  may  lead  to  the 
overflowing  of  its  contents.  The  object  in  employ- 
ing saltpetre  is  to  separate  any  remaining  sulphur 
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from  the  silver  by  oxidation,  when,  owing  to  the 
changed  condition  of  the  fluxing  salts,  it  is  easily 
dissolved  by  them  into  the  slag,  and  the  whole 
of  the  silver  set  free. 

The  most  important  operations  in  treating  the 
double  hyposulphite  of  soda  and  silver  solutions 
by  the  sulphide  of  sodium  process  may  be  briefly 
enumerated  as  follows  : — 

(1)  Precipitating  the  liquid  silver  as  sulphide  of 
silver  by  means  of  a  strong  solution  of  sodium 
sulphide. 

(2)  Drying  and  roasting  the  precipitated  silver 
sulphide  in  the  roasting  furnace  to  oxidise  and 
eliminate  the  sulphur  in  the  form  of  sulphurous 
acid  gas,  which,  by  prolonged  heating,  escapes  in 
smoky  fumes. 

(3)  Melting  the  dried  silver  powder  with  soda- 
ash  and  saltpetre  to  obtain  metallic  silver  in  the 
form  of  a  button,  then  remelting  this  and  casting 
it  in  the  form  of  a  bar. 

(4)  Weighing  the  bar  of  silver  and  having  it 
tested  by  means  of  assay,  to  ascertain  its  com- 
mercial value. 

(5)  Selling  the  bar  of  silver  to  the  highest  bidder 
for  purposes  of  refining,  as  it  needs  purification 
before  it  can  be  used  to  good  effect  for  most  in- 
dustrial purposes. 

If  everything  has  been  done  well  in  carrying  out 
this  method  to  the  end,  there  will  be  obtained  more 
silver,  and  less  loss  will  result  to  the  firms  adopting 
it,  than  by  some  other  of  the  methods  which  are 
employed  for  the  recovery  of  the  silver  from  the 
double  hyposulphite  of  soda  and  silver  solutions 
used  for  different  purposes  in  the  arts  and  crafts. 
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There 'is  another  method  by  which  the  operation 
of  precipitating  the  silver  is  so  simple  that  it  must 
not  be  left  out  of  this  discourse,  besides,  it  has 
the  advantage  of  "  throwing  down  "  the  silver  from 
hyposulphite  of  soda  solutions  to  the  metallic  state, 
and,  therefore,  the  operations  for  the  recovery 
of  the  silver  are  somewhat  simplified.  It  is  as 
follows : — 

The  Zinc-Acid  Process 
The  recovery  of   the   silver  from  all   the   liquid 
salts  and  slops  of  photographers  may  be  eifected, 

by  a  simple  apparatus  de- 
signed for  small  workers,  by 
precipitation  into  metallic 
silver  with  zinc  scraps  or 
shavings.  Collect  all  the 
liquids  holding  silver  in  a 
large  cask,  tank,  or  tub — 
this  should  be  large  enough 
to  hold  all  the  liquids  re- 
sulting from  a  day's  work. 
The  zinc  scraps  may  be 
suspended  in  a  perforated 
earthenware  dipper  (fig.  24), 
or  a  willow  basket  will 
answer  for  the  same  purpose. 
This  is  placed  in  the  upper 
part  of  the  liquid,  and  by  occasionally  agitating  the 
solution  with  the  contrivance  by  shaking  it  about, 
the  metallic  silver  will  fall  to  the  bottom  of  the 
vessel  into  a  finely  divided  powder.  A  chemical 
reaction  takes  place  without  stop  or  hindrance,  if  a 
small  quantity  of  either  spirits  of  salts  or  oil  of 
vitriol  is  poured  into  the  waste  liquid  now  and  then 
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Fig.  24. — Precipitating  vessel 
with  contrivance  showing 
how  the  zinc  sharings  are 
suspended. 
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with  gentle  stirring,  the  zinc  is  substituted  for  the 
silver  and  remains  in  solution,  taking  the  place  of  the 
silver  as  the  latter  departs  from  it.  Thus  the  zinc  is 
reduced  from  a  metallic  substance  to  a  soluble  salt 
in  the  solution,  while,  during  the  change,  the  silver 
leaves  the  solution  and  assumes  the  metallic  con- 
dition. An  entire  change  of  places,  and  of  metallic 
forms,  therefore,  of  the  two  metals  is  being  pro- 
duced as  long  as  the  operation  lasts.  A  canvas  bag 
filled  with  coarse  zinc  filings  may  be  used  for 
throwing  down  the  silver,  in  place  of  the  earthen- 
ware dipper  or  willow  basket ;  it  should  be  fixed 
to  the  top  of  the  precipitating  vessel  so  as  to  hang 
in  the  upper  portion  of  the  liquid.  Metallic  zinc 
"  throws  down "  metallic  silver  from  the  double 
hyposulphite  of  soda  and  silver  solutions  in  a  com- 
mercially satisfactory  manner,  and  may  be  employed 
to  extract  all  the  metal.  The  precipitate  produced 
is  rather  voluminous,  but  after  removal  from  the 
vessel  and  well  burned  in  the  furnace  provided 
for  the  reduction  of  saline  sediments,  or  for  other 
similar  combinations  containing  the  precious  metals, 
its  bulk  is  considerably  diminished,  and  this  pre- 
paratory treatment  is  a  necessary  step  to  the  opera- 
tion of  melting  the  mass  in  a  crucible.  No  washing 
of  the  precipitated  metallic  silver  need  be  put  into 
practice — in  fact,  it  is  advisable  not  to  attempt 
doing  this  commercially ;  if  the  best  results  are 
to  be  achieved,  it  will  be  quite  sufficient  to  mix  the 
burnt  dry  powder,  in  a  thorough  manner,  with  a 
suitable  fluxing  substance,  to  recover  the  whole  of 
the  metal  in  the  solid  condition  by  melting  in  a 
crucible,  if  sufficient  heat  is  given,  and  dispose  of 
the  product  to  a  firm  of  smelters. 
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The  nature  of  the  flux  is  of  some  importance, 
because  there  is  sure  to  be  some  oxide  of  zinc  (after 
the  product  is  burned)  combined  with  the  powder 
when  it  is  ready  to  be  melted,  and  this  is  difficult 
of  fusion,  unless  appropriate  fluxes  are  employed  to 
assist  the  melting  of  unwashed  precipitates  of  this 
kind. 

The  chemical  reactions  which  occur  in  hypo- 
sulphite of  silver  solutions  in  contact  with  zinc 
evolves  sulphuretted  hydrogen ;  the  zinc  liberates 
hydrogen,  and  the  sulphur  on  being  displaced  from 
the  silver  salt  unites  with  the  hydrogen,  forming 
sulphuretted  hydrogen  or  hydrogen  sulphide  (H2S), 
which  escapes  in  the  gaseous  form,  leaving  sulphate 
of  zinc  in  the  solution,  and  metallic  silver  as  a 
sediment.  The  zinc  sulphate,  when  the  "hypo" 
solution  is  rendered  acid  by  H2SO4  is  not  precipi- 
tated along  with  the  silver  by  hydrogen  sulphide 
gas.  This  compound  is  also  known  as  hydro- 
sulphuric  acid.  The  quantity  of  zinc  required  to 
precipitate  a  given  quantity  of  silver  may  be 
approximately  estimated  at  from  ^  to  1  oz.  of  zinc 
for  every  ounce  of  silver  the  solution  contains. 

After  the  operation  of  precipitating  the  silver  is 
completed,  and  before  the  decanting  of  the  clear 
liquid  standing  above  the  sediment  takes  place,  a 
portion  of  the  solution  should  be  withdrawn  by 
means  of  the  pipette  for  the  purpose  of  testing  if 
any  traces  of  silver  remain  in  the  liquid.  The 
water  withdrawn  should  appear  to  the  sight 
through  the  clean  glass  test-tube  into  which  it  is 
put  as  transparent  as  water,  when,  if  there  is  any 
silver  in  it  a  drop  or  two  of  pure  hydrochloric  acid 
will  immediate  indicate  its   presence,  by  showing 
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a  grey  colouration,  no  matter  how  infinitesimal  the 
portion  may  be ;  a  little  clear  solution  of  common 
salt  will  present  the  same  effect.  This  method  is 
most  perfect  in  its  results,  and  I  have  devoted  con- 
siderable time  in  experimental  research  in  order  to 
ascertain  whether  these  waste  liquids  would  become 
cleared  of  their  murkiness  by  this  method. 


CHAPTER  XXVIII 

RECOVERING   SILVER   FROM    SUNDRY    SALTS 
OF   SILVER 

A  SIMILAR  manner  of  procedure  to  the  foregoing 
may  be  adopted  with  safety  for  the  recovery  of  the 
silver  from  its  various  compound  soluble  salts,  for 
by  this  method  there  is  less  risk  of  the  precious 
metal  being  lost  than  by  some  of  the  different 
methods  which  have  been  suggested.  The  metal  is 
obtained  in  the  metallic  condition,  and  the  silver 
residue,  after  drying  and  burning,  is  presented  in  a 
suitable  form  ready  for  the  melting  pot.  Solutions 
of  any  bulk  may  be  treated  directly  by  the  zinc-acid 
method  in  a  simple  and  convenient  manner,  as  there 
is  little  heaving  up,  swelling,  or  effervescence  arising, 
if  the  operation  is  well  conducted.  Silver  com- 
pounds of  the  following  kinds  may  have  the  silver 
extracted  and  recovered  from  its  various  salts  in 
the  metallic  form,  or  from  small  or  large  volumes  of 
liquids  by  means  of  metallic  zinc,  namely,  nitrate 
of  silver,  bromide  of  silver,  iodide  of  silver,  sulphide 
of  silver,  sulphate  of  silver,  cyanide  of  silver,  hypo- 
sulphite of  silver,  chloride  of  silver,  and  sulphite  of 
silver.  Zinc  decomposes  all  these  salts  and  solu- 
tions of  silver  by  separating  the  silver  from  the 

compounds  and  reducing  it  to  the  metallic  state. 
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When,  however,  the  silver  is  in  the  form  of  a 
crystallised  salt  it  must  have  some  acidulated  water 
added.  Any  one  of  the  aforesaid  silver  salts  may 
be  separately  treated,  or  a  combination  of  them 
(according  to  the  nature  of  the  business  being 
carried  on)  can  be  subjected  to  one  operation,  as 
the  result  will  be  the  same,  metallic  silver  being 
"  thrown  down  "  in  consequence  of  the  constituents 
of  the  different  salts  becoming  decomposed  by  the 
reactions  of  the  zinc,  in  the  presence  of  water  and 
a  very  little  acid.  The  solutions,  when  strong,  or 
nearly  saturated  with  chemical  salts,  should  be 
diluted  with  water — an  equal  volume,  or  more, 
according  to  circumstances — and  this  will  be  best 
determined  by  the  operative  in  charge  of  the 
particular  solution  requiring  to  have  its  silver  ex- 
tracted. There  should  always  be  kept  a  tank  into 
which  silver  salts  and  their  liquors  can  be  thrown 
when  of  no  further  use,  for  whenever  compounds 
of  any  of  the  precious  metals  are  being  employed, 
it  is  necessary  to  save  all  the  materials,  liquid  or 
otherwise,  and  recover  therefrom  the  precious 
metals,  so  that  nothing  is  allowed  to  pass  away  to 
waste  without  an  attempt  being  made  to  extract 
the  metal. 

The  most  important  salt  of  silver  is  the  nitrate 
(AgNOa),  and  from  this,  or  the  oxide  of  silver 
(Ag20  or  AgO),  most  of  the  salts  of  silver  are 
formed.  The  nitrate  of  silver  is  obtained  by  dis- 
solving fine  silver  in  dilute  nitric  acid ;  and,  by 
diluting  this  with  water,  and  adding  either  caustic 
potash,  magnesia,  caustic  soda,  or  lime  water,  the 
silver  is  precipitated,  and  oxide  of  silver  is  formed, 
which  is  insoluble  in  water,  but  readily  soluble  in 
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mineral  acids,  in  liquid  ammonia,  and  in  the  alka- 
line cyanides,  forming  silver  salts  again  in  the 
liquid  condition.  Liquid  ammonia  added  to  a  solu- 
tion of  nitrate  of  silver  will  not  precipitate  the 
silver  therefrom  as  an  insoluble  oxide  of  silver,  but 
rather  aids  its  solution  than  otherwise.  Nearly  all 
the  crystallised  salts  of  silver  become  converted 
into  cyanide  of  silver  by  dissolving  in  a  strong 
solution  of  cyanide  of  potassium  forming  a  double 
salt  of  cyanide  of  potassium  and  silver. 

The  single  cyanide  of  silver  is  freely  soluble  in 
liquid  ammonia,  in  solutions  of  carbonate  of  am- 
monia, nitrate  of  ammonia,  chloride  of  ammonia, 
hyposulphite  of  soda,  the  cyanides  of  the  alkalies, 
ammonium,  sodium,  and  potassium,  also  by  ferro- 
cyanide  of  potassium.  Boiling  sulphuric  acid  added 
to  a  small  quantity  of  water  dissolves  silver  cyanide 
with  escape  of  hydrocyanic  acid  gas,  and  produces 
sulphate  of  silver. 

In  the  manufacture  of  silver  wares  for  commercial 
purposes,  many  of  the  discarded  solutions  will  con- 
tain organic  matter,  and  when  mixed  together 
decomposition  invariably  sets  in,  and  the  silver  is 
in  several  cases  separated  from  its  solvents  by  the 
adoption  of  this  method  and  readily  precipitated  as 
an  insoluble  powder,  which  falls  to  the  bottom  of 
the  vessels  provided  to  receive  all  the  kinds  of 
waste  liquids  resulting  from  the  different  operations 
conducted  in  the  establishment.  Thus,  in  factories 
devoted  to  silver  working  only,  the  following  con- 
struction of  an  apparatus  may  be  employed  for 
collecting  the  whole  of  the  watery  fluids  pre- 
liminary to  their  passing  into  the  drain,  or  a 
modification   of    the    apparatus    to   suit   particular 
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operations  will  probably  be  found  to  be  most  useful, 
and  especially  so  in  the  service  of  the  smaller  firms. 
It  consists  of  three  receptacles,  as  shown  in  the 
drawini 


Fig.  25. — Apparatus  for  precipitating  silyer  from  mixed  liquids. 

This  device  represents  the  mode  of  collecting 
the  disused  liquids,  and  how  the  displacement  of 
the  silver  is  effected.  The  collecting  tubs  should 
stand  out  in  the  yard  of  the  factory,  as  the  action 
of  air  and  light  tends  somewhat  to  decompose  some 
of  the  salts  of  silver.  The  apparatus  is  self-acting 
and  needs  very  little  attention,  as  the  watery  fluid, 
after  being  received  into  the  first  tub,  passes  into 
the  second  tub,  and  from  that  to  the  third  tub  by 
the  act  of  gravity  alone,  down  to  the  outlet  pipes, 
so  that  there  is  no  overflowing  from  the  occasional 
running  into  it  of  the  disused  liquids  from  the 
different  shops  constituting  the  factory.  A  filter- 
ing substance  (which  will  be  described)  is  placed  in 
the  last  tub  so  as  to  safeguard  and  prevent  passing 
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into  the  drain  any  floating  silver  that  may  be  cast 
up  and  remain  on  the  surface  of  the  liquid.  A  lead 
or  earthenware  long-legged  funnel  is  fixed  in  the 
top  of  each  tub,  with  only  its  leg  immersed  in  the 
water,  as  the  funnel  cup  has  to  hold  a  gradually 
dissolving  chemical  substance  to  act  constantly  on 
the  liquid  silver  waste  and  separate  the  silver  from 
the  fluid.  If  the  funnel  cups  were  to  be  wholly 
immersed  in  the  water,  the  precipitating  substance 
would  become  reduced  too  quickly  to  powder  and 
fall  through  the  leg  to  the  bottom  of  the  tub,  and 
the  operation  would  then  be  faulty  and  prove  more 
or  less  unsuccessful  in  its  working. 

The  precipitant  for  the  silver  is  burned  lime,  or 
quicklime  as  it  is  frequently  called  after  being 
manufactured  from  limestone.  Chemically,  it  is 
known  under  the  name  of  calcium  oxide  (CaO), 
and  is  a  hard  white  solid  substance  only  slightly 
soluble  in  water  (l  part  in  about  700  parts  of  water 
at  ordinary  temperatures),  but  probably  sufficiently 
so  for  the  purpose  of  this  operation  and  method  of 
recovering  the  silver  from  already  partly  decom- 
posed spent  liquids.  A  solid  lump  of  lime  is  placed 
in  the  cup  of  each  of  the  funnels,  and  as  the  water 
flows  on  to  the  solid  lime  and  spreads  over  it,  a 
little  becomes  dissolved  away,  and  this,  reacting 
on  the  silver,  precipitates  it  in  the  form  of  oxide 
of  silver  (Ag20),  which  is  insoluble  in  residuary 
liquids  so  largely  diluted  with  water.  The  lime 
converts  the  alkaline  salts  into  hydrates,  which 
conversion  greatly  assists  in  the  precipitation  of 
the  silver. 

The  three  tubs  employed  for  receiving  the  waste 
water  for  treatment   are  arranged   in   the  manner 
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shown  in  fig.  25.  They  consist  of  wine  casks  or 
old  beer  barrels,  well  coated  with  melted  pitch  or 
asphaltum,  to  prevent  absorption  of  some  of  the 
silver  liquid.  The  funnels  are  made  of  preservable 
materials,  and  the  liquid-conveying  pipes  should 
consist  of  lead,  so  as  not  to  be  acted  upon  by  the 
liquid  passing  through  them. 

No  further  construction  of  the  first  and  second 
tubs  is  required  than  that  shown,  but  with  regard 
to  the  third  tub  a  perforated  disc  of  wood  is  placed 
to  act  as  a  false  bottom,  on  the  top  of  which,  and 
covering  the  rim,  is  stretched  some  good  filtering 
cloth.  This  is  tightly  wedged  down  to  within 
1  inch  of  the  bottom  of  the  tub  in  order  to  avoid 
the  liability  of  some  of  the  water  flowing  out  of  the 
tub  without  its  first  passing  through  the  filtering 
cloth.  On  the  top  of  the  filter  is  put  a  thick 
layer  of  coarse  deal  sawdust,  well  pressed  together, 
and  through  this  the  liquid  to  be  filtered  passes  to 
the  filtering  cloth,  then  through  that,  and,  lastly, 
through  the  outlet  pipe  fixed  in  the  bottom  of  the 
tub  into  the  drain. 

The  wash-waters  and  spent  solutions  from  all 
parts  of  the  factory  are  conveyed  through  lead- 
piping  and  enter  the  funnel  of  the  first  tub,  being 
dispersed  over  the  lump  of  lime  placed  therein, 
then  flowing  through  the  leg  of  the  funnel  are 
released  at  nearly  the  bottom  of  the  tub,  where  the 
silver  is  deposited  in  the  form  of  oxide  along  with 
other  matter  of  a  muddy  nature.  By  the  funnelling 
arrangement  the  water  in  the  uppermost  parts  of 
the  tubs  is  prevented  from  being  in  a  constant 
state  of  agitation,  and  time  is  given  for  the  light 
particles  of  the  precipitating  silver  to  fall  down  to 
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the  bottom  of  the  tubs.  The  water  rises  very 
steadily  and  gradually  upwards  to  the  outlet  pipes 
without  any  disturbance  of  the  precipitated  product, 
and  in  consequence  of  a  large  volume  of  water  being 
used  in  factories  devoted  to  manufacturing  purposes, 
and  wisely  being  allowed  to  mix  with  chemical 
solutions,  experience  has  proved  that  the  deposited 
silver  remains  insoluble  as  a  residue,  although  it  may 
not  all  have  been  reduced  to  the  metallic  state. 

The  water  flowing  from  beneath  the  filter  placed 
in  the  third  tub  should  be  tested  at  intervals  with 
a  few  drops  of  pure  hydrochloric  acid  to  determine 
if  the  whole  of  the  silver  has  been  freed  from  it. 
The  inspection  should  take  place  in  a  good  light, 
and  if  no  change  of  colour  is  observed  in  the  liquid, 
not  even  the  slightest  grey  colouration,  the  whole 
of  the  silver  will  have  been  extracted  from  the 
watery  fluid. 

In  removing  the  sediment  from  the  respective 
tubs,  which  are  easily  separated  for  that  purpose, 
it  is  necessary  to  stop  the  flowing  in  of  the  water, 
to  allow  the  water  to  drain  entirely  away  from  the 
filtering  tub ;  and,  after  syphoning  ofi"  the  water 
above  the  sediment  in  the  two  other  tubs,  put 
their  accumulated  sediments  into  the  filtering  tub 
and  let  the  water  completely  drain  away  through 
the  sawdust  and  filtering  cloth  into  the  drain,  when 
the  silver  material,  including  sawdust  and  filtering 
cloth,  is  burned  in  a  suitable  furnace,  and  with  as 
light  a  draught  as  possible,  to  prevent  the  passing 
away  of  light  fine  particles  as  the  product  becomes 
dried  to  dust.  Nothing  can  be  done  with  the  pro- 
duct until  it  is  burned.  After  this  treatment,  the 
most  satisfactory  method  is  to  grind  the  material 
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to  a  fine  powder  and  mix  well,  so  that  a  fair  sample 
can  be  obtained  for  an  assay  test  to  be  taken  by- 
two  or  more  smelting  firms,  and  on  a  comparison 
of  results  sell  to  the  highest  bidder. 

If  it  is  desired  to  melt  down  the  burnt  residue  in 
the  works  factory,  you  will  have  to  do  this  in  a  clay 
crucible  with  the  assistance  of  a  special  flux,  as 
there  will  be  in  combination  a  large  amount  of 
foreign  matter,  and  some  lime,  and  as  this  is  difficult 
to  melt  in  a  crucible  (but  in  smelting  it  is  often 
found  an  advantage)  a  flux  of  a  suitable  kind  is 
necessary,  and  this  is  found  in  "  Fluor-spar." 

The  melting  of  residuary  products  of  the  jeweller 
and  silversmith  have  never  been  a  satisfactory  or 
profitable  undertaking  in  manufacturing  establish- 
ments, although  several  have  attempted  it  time 
after  time,  and  now  that  the  writer  has  standardised 
formulas  for  every  description  of  waste,  better  re- 
sults and  a  good  recovery  of  metal  may  probably 
be  obtained.  At  least  it  is  to  be  hoped  so.  The 
flux  for  silver-lime  precipitate  is  composed  of  the 
following  materials : — 

Silver  residue     .         .         .         10    ozs.  or  100  ozs. 
Soda-ash    ,         .         .         .  4|    „     „     45    „ 

Fluor-spar.         .         .         .  1^    „    „     15    „ 

The  fluxing  ingredients  should  be  well  mixed 
with  the  silver  residue  before  they  are  put  into  the 
pot.  When  the  mass  is  melted,  which  is  assisted 
by  stirring  up  the  contents  towards  the  end  of  the 
operation,  the  heat  being  continued  until  a  thin 
fluid  is  arrived  at,  when  the  pot  is  withdrawn  from 
the  fire,  allowed  to  cool,  then  broken,  and  the 
metal  recovered  in  a  solid  lump.  This  flux  not 
only  reduces   the   silver  to  the  metallic  condition 
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and  collects  it  into  a  lump,  but  separates  the  lime 
from  the  silver  by  causing  it  to  become  liquid  and 
act  as  a  flux.  The  lump  of  silver,  when  melted  into 
a  bar,  will  have  to  be  sold  to  silver  refiners,  as  it 
cannot  be  used  without  refining. 


CHAPTER  XXIX 

SILVER   PRECIPITATING   REAGENTS 

The  metallurgical  processes  for  the  recovery  of 
silver  from  most  of  its  liquid  residues  having  now 
been  described  in  plain  and  simple  language,  and  a 
certain  amount  of  hitherto  unpublished  knowledge 
has,  I  believe,  been  imparted,  which,  when  once 
learned,  will  tend  to  prevent  the  many  disappoint- 
ments usually  following  the  mistakes  made  (in  the 
manufacturing  establishments  associated  with  the 
working  of  precious  metals)  in  dealing  commercially 
with  discarded  liquids.  But  before  leaving  this 
subject  to  describe  the  tests  most  applicable  for  the 
recovery  of  platinum  from  its  various  solutions,  it  is 
desirable  to  direct  the  reader's  attention  to  some  other 
precipitants  for  silver,  and  point  out  their  distin- 
guishing characteristics  in  relation  to  that  metal : — 

Carbonate  of  Potash  (K2CO3)  precipitates  silver 
as  a  brown  powder  of  silver  carbonate  (Ag2C03), 
insoluble  in  water ;  soluble  in  strong  solutions  of 
ammonia,  hyposulphite  of  soda,  cyanide  of  potassium, 
cyanide  of  sodium,  and  cyanide  of  ammonium. 

Carbonate  of  Soda  (Na2C03)  precipitates  silver 
as  a  light  white  powder  of  silver  carbonate  (Ag2C03), 
insoluble  in  water ;  soluble  in  ammonia,  hypo- 
sulphite of  soda,  cyanide  of  potassium,  cyanide  of 

sodium,  and  cyanide  of  ammonium. 
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Chloride  of  Sodium  (NaCl)  precipitates  silver  as 
a  white  flocculent  powder  of  silver  chloride  (AgCl), 
insoluble  in  water  and  dilute  acids,  but  readily 
dissolved  in  liquid  ammonia,  carbonate  of  ammonia, 
cyanides  of  potassium,  sodium,  and  ammonium,  sul- 
phite of  soda,  and  hyposulphite  of  sod«,. 

Liquid  Ammonia  (NH4OH)  precipitates  silver  as 
a  brown  oxide  (Ag20),  readily  soluble  in  excess  of 
the  liquid — in  fact  it  is  a  rather  difficult  matter  to 
arrive  at  the  precipitating  point  without  causing 
some  of  the  silver  to  be  redissolved. 

Carbonate  of  Ammonia  (NH4CO3)  precipitates 
silver  as  a  white  powder,  readily  soluble  in  excess  of 
the  precipitant  and  in  the  alkaline  cyanides  above 
named. 

Caustic  Potash  or  Potassium  ILydrate  (KOH) 
precipitates  silver  as  a  brown  oxide  (Ag20),  in- 
soluble in  water  and  in  potash,  but  readily  dissolved 
in  strong  solutions  of  ammonia  and  the  cyanides  of 
the  alkaline  metals. 

Hydrochloric  Acid  (HCl)  precipitates  silver  as  a 
white  curdy  precipitate  of  silver  chloride  (AgCl), 
insoluble  in  water  and  in  nitric  acid,  but  is  easily 
dissolved  in  liquid  ammonia  and  in  a  strong  solu- 
tion of  its  carbonate.  It  is  also  dissolved  in  strong 
solutions  of  hyposulphite  of  soda,  sulphite  of  soda, 
cyanide  of  potassium,  cyanide  of  sodium,  and  cyanide 
of  ammonium.  Chloride  of  silver  is  dissolved  by  hot 
concentrated  hydrochloric  acid,  and  also  by  boiling 
in  strong  alkaline  chlorides,  but  dilution  with  water 
will  suflfice  to  reprecipitate  the  silver  again  into  the 
form  of  silver  chloride  from  all  these  liquids. 

Phosphate  of  Soda  (Na2HP04)  precipitates  silver 
as  a  yellow  powder,  soluble  in  ammonia  and  in  all 
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of  the  above-named  reagents  in  which  the  various 
salts  of  silver  are  dissolved. 

Sulphuretted  Hydrogen  Gas  (H2S)  precipitates 
silver  from  its  solutions  as  a  black  powder  of  silver 
sulphide  (Ag2S),  as  also  do  the  soluble  sulphides  of 
the  alkaline  metals.  Silver  sulphide  is  insoluble  in 
water,  in  diluted  acids,  and  in  hyposulphite  of  soda. 
The  alkaline  cyanides  dissolve  it,  however  ;  it  is 
also  acted  on  by  strong  nitric  acid  with  the  forma- 
tion of  nitrate  of  silver  (AgNOs)  and  the  separation 
of  the  sulphur. 

Sulphate  of  Soda  (Na2S04)  precipitates  silver 
from  its  nitrate  solutions  as  sulphate  of  silver 
(Ag2S04) ;  this  is  redissolved  in  solutions  of  car- 
bonate of  ammonium,  liquid  ammonium,  nitric  acid, 
cyanides  of  the  alkaline  metals,  and  in  about  180 
parts  of  water  to  1  of  the  silver  salt. 

Bromide  of  Potassium  (KBr)  precipitates  silver 
from  its  nitrate  solutions  as  bromide  of  silver 
(AgBr),  insoluble  in  water,  and  only  slightly  soluble 
in  ammonia,  but  freely  soluble  in  hyposulphite  of 
soda  and  the  alkaline  cyanides. 

Iodide  of  Potassium  (KI)  precipitates  silver  from 
its  nitrate  solutions  as  iodide  of  silver  (Agl),  in- 
soluble in  water,  practically  insoluble  in  ammonia, 
and  almost  so  in  strong  alkaline  chlorides.  In 
solutions  of  hyposulphite  of  soda  and  in  the 
cyanides  it  is  readily  dissolved. 

Cyanide  of  Potassium  (KCy)  precipitates  silver 
in  neutral  solutions  as  cyanide  of  silver  (AgCy), 
but  when  acid  is  present  the  acid  must  first  be 
neutralised.  The  precipitate  is  easily  redissolved 
by  an  excess  of  the  precipitant. 

Lime  Oxide  of  Calcium  (CaO)  precipitates  silver 
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as  an  oxide  {Ag20),  insoluble  in  water  and  in  dilute 
solutions,  and  all  the  oxides  of  silver  possess  the 
common  properties  of  being  reduced  to  the  metallic 
state  by  heat. 

Metallic  Zinc  (Zn)  precipitates  metallic  silver 
from  all  solutions  when  slightly  acidulated  with 
either  oil  of  vitriol  or  spirits  of  salts,  owing  to  the 
liberation  of  nascent  hydrogen  gas,  which  throws 
down  the  silver  into  the  metallic  state.  Metallic 
Copper  (Cu)  possesses  similar  properties  to  zinc — 
that  is  to  say,  it  throws  down  silver  to  the  metallic 
state,  although  it  is  a  slower  process. 

Oxalic  Acid  (C2H2O4)  precipitates  silver  as  a 
whitish  powder,  but  only  in  neutral  solutions  of  a 
water-diluted  nature,  and  this  after  long  standing 
for  rest. 

Sulphate  of  Iron  (FeS04)  precipitates  silver  in 
very  weak  solutions  of  a  neutral  kind  to  the 
metallic  condition,  but  is  not  a  reliable  reagent 
for  this  purpose  in  manufacturing  establishments 
using  the  precious  metal. 

Hyposulphite  of  Soda  (Na2S203)  precipitates 
silver  as  a  powder  of  silver  hyposulphite  (Ag2S203) 
from  neutral  solutions  of  its  nitrate,  soluble  in 
excess  of  the  reagent. 

When  the  different  waste  liquids  of  the  silver- 
smith are  mixed  together  in  the  waste-water  tanks 
it  must  not  always  be  taken  for  granted  that  those 
compounds  in  chemical  union  continue  to  remain 
so,  or  that  the  metal  is  precipitated  therefrom  of 
the  same  colour  as  when  a  pure  chemical  salt  is 
being  prepared ;  but  on  the  contrary,  the  result 
of  a  number  of  different  substances  being  mixed 
together   results   in   a  muddy  slime  consisting   of 
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metallic  particles,  chemical  salts,  and  organic 
matter  being  thrown  down.  Nor  must  it  be 
generally  supposed  that  when  the  metal  has  been 
deprived  of  its  chemical  union  and  precipitated,  no 
matter  in  whatever  form,  that  it  is  certain  to  be 
redissolved  by  other  solvents  in  large  bulks  of 
diluted  liquids  such  as  waste  waters  consist  of,  for 
the  large  volume  of  water  entering  into  the  collect- 
ing tanks  of  manufacturing  silversmiths  will  pre- 
vent their  acting  upon  the  precipitate  when  once 
it  is  formed,  for  it  can  only  be  redissolved  by  strong 
alkalies  or  acids. 

It  frequently  happens,  however,  that  when 
several  different  salts  or  acids  are  dissolved  and 
dispersed  in  the  same  liquid,  they  neutralise  each 
other ;  that  chemical  decomposition  is  set  up  of  its 
own  accord,  and  thus  the  metal  becomes  liberated 
from  its  solvents  and  falls  down,  sometimes  in  the 
metallic  condition,  or  more  often  as  a  metallic  salt, 
without  any  special  precipitant  being  added  to 
bring  about  that  result.  Silver  has  strong  affinities 
for  chlorine,  bromine,  iodine  and  sulphur,  and 
combines  with  them  at  the  ordinary  temperature. 
Substances,  therefore,  containing  any  of  these  gases 
precipitate  silver  to  the  insoluble  state  in  large 
bulks  of  water,  and  in  consequence  of  this  affinity 
or  elective  attraction  complete  changes  take  place 
in  chemically  combined  substances,  and  on  this 
principle  the  separation  or  analysis  of  different 
compound  mixtures  is  brought  about,  for  it  is  the 
power  which  one  body  possesses  over  another,  of 
forcing  it  from  its  combination,  to  allow  of  that 
particular  body  taking  its  place  for  which  it  has  a 
greater  elective  attraction. 
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The  most  certain  and  easily  applied  of  these 
reagents,  for  the  precipitation  of  the  silver  from  the 
waste  waters  of  the  silver  worker,  is  the  solution 
of  common  salt  and  hydrochloric  acid — commonly 
called  muriatic  acid,  and  spirits  of  salts — which 
gives  a  curdy  precipitate  of  silver  chloride,  not  easily 
redissolved  by  any  of  the  substances  contained  in 
the  general  waste  waters,  after  being  so  freely 
diluted  with  water.  The  only  point  of  considera- 
tion in  the  complete  extraction  of  the  silver  by  the 
one  process  operation  is,  that  a  sufficient  length 
of  time  for  rest  should  be  allowed  for  the  liquid  to 
remain  in  a  stagnant  state  without  agitation,  and 
for  that  reason  it  is  advisable  to  employ  a  series  of 
tanks  for  the  waste  waters  to  flow  through,  and 
in  manufactories  where  a  considerable  quantity  of 
water  is  made  use  of  for  the  dilution  of  the  various 
solutions,  for  the  rinsings,  for  the  wash-hands, 
and  as  requisites  for  various  other  operations 
incidental  to  the  manufacture  of  silver  wares,  this 
is  a  point  of  considerable  importance. 

The  precipitate  of  silver  does  not  wholly  fall 
down  at  once,  no  matter  what  is  the  reagent 
employed  for  that  purpose,  especially  in  solutions 
supercharged  with  mineral  acids,  or  with  the  usual 
alkaline  salts  employed  in  cleaning  and  in  plating 
the  work,  although  the  latter  are  supposed  to  be 
sufficient  to  neutralise  the  acids  used  when  all  come 
to  be  mixed  together,  and  also  to  precipitate  the 
silver.  But  this  process  of  reduction  is  not  always 
sufficient,  and  from  the  results  of  a  large  practical 
experience  has  not  p:foved  eminently  satisfactory, 
particularly  when  large  quantities  of  the  precious 
metal   finds   its   way   into   the  waste   liquids,  and 
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therefore  special  treatment,  including  suitable 
reagents  for  "throwing  down"  the  whole  of  the 
silver,  is  necessary  for  the  completion  of  the 
process. 

The  waste  waters  should  all  be  filtered  through 
a  good  filter  bed  in  every  factory  in  which  the 
precious  metals  are  manipulated,  before  they  are 
discharged  into  the  drains  ;  and  as  carbonate  of  soda 
is  universally  employed  in  one  or  other  of  the 
operations,  and  as  that  substance  acts  as  a  pre- 
cipitant for  silver,  reducing  it  in  the  form  of 
carbonate  of  silver,  a  light  powder  having  a 
tendency  to  float ;  but  this,  when  a  filter  is  em- 
ployed, is  collected  together  on  the  filter  and  pre- 
vented from  otherwise  passing  into  the  drain  and 
being  lost. 


CHAPTER  XXX 

RECOVERING   SILVER   PROM   MIXED   SOLUTIONS 

When  all  kinds  of  silver  solutions,  all  the  waste 
waters,  and  all  the  spent  acids  used  in  a  manu- 
facturing silversmithing  establishment  are  mixed 
together,  decomposition  of  the  silver  is  generally 
effected  in  one  form  or  another — for  instance,  hydro- 
chloric acid,  and  also  any  soluble  chloride,  pre- 
cipitates the  silver  as  an  insoluble  chloride  in  the 
watery  liquid ;  caustic  soda  and  caustic  potash 
throws  down  the  silver  as  an  insoluble  oxide ; 
carbonate  of  soda  and  carbonate  of  potash  throws 
down  the  silver  into  insoluble  carbonates  of  silver  ; 
and  as  this  form  of  silver  salt  is  very  light,  some  of 
it  has  a  tendency  to  rise  and  swim  on  the  surface 
of  the  watery  liquid,  and,  as  already  stated,  means 
should  be  taken  to  prevent  its  passing  away  into 
the  drain  with  the  wash  waters.  All  the  above- 
mentioned  substances,  along  with  others,  are  neces- 
sary requisites  in  silversmithing  operations,  and 
assuming  that  you  are  satisfied  that  a  combination 
of  the  substances  employed  is  sufficient  to  decom- 
pose the  silver,  it  is  imperative  for  the  reason  I 
have  stated,  before  letting  the  waste  liquid  run 
entirely  away,  to  have  it  filtered  first ;  and  where  no 

special  reagents  are  employed   for  the  purpose  of 
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precipitating  the  silver,  the  following  contrivance 
is  probably  one  of  the  best  for  the  removal  of 
suspended  and  floating  matter  from  the  watery- 
fluid  :— 


Fig.  26. — Waste-water  filtering  apparatus. 

The  tubs  employed  for  the  purpose  of  receiving 
the  waste  liquids  are  three  in  number,  and  are 
arranged  in  the  manner  shown  in  the  illustration, 
from  which  the  construction  of  each  of  the  tubs  will 
be  easily  understood.  Midway  between  the  top  and 
bottom  of  each  is  fixed  a  circular  disc  of  wood  pierced 
with  small  holes  to  enable  the  water  to  run  through  ; 
on  the  top  of  the  wooden  disc  is  laid  a  layer  of 
coarse  deal  sawdust  5  or  6  inches  thick ;  this  is 
compressed  to  prevent  its  floating  about  in  the 
water  above.  Each  tub  is  arranged  in  the  same 
way,  the  sawdust  in  each  tub  acting  as  filters  for 
the  liquid  to  be  treated.  The  waste  solution  from 
the  different  workrooms  flows  through  the  convey- 
ance piping  into  the  first  tub,  drains  through  the 
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sawdust,  falling  into  the  bottom  section,  then  flows 
out  through  the  outlet-pipe  fi.xed  in  the  bottom  into 
the  lower  part  of  the  second  tub,  from  which  it 
takes  an  upward  course,  passing  through  the  saw- 
dust, and  is  carried  upwards  to  the  outlet-pipe  near 
the  top  by  the  force  of  water  standing  above  it  in 
the  receiving  tub,  from  whence  it  is  discharged  into 
the  last  tub,  being  there  conducted  through  the 
sawdust,  and,  entering  the  lower  compartment, 
flows  from  there  through  the  outlet  nearly  at  the 
bottom  and  is  carried  away  into  the  drain.  The 
particles  of  silver  that  may  remain  in  mechanical 
suspension  in  the  liquid  being  safeguarded  by  the 
sawdust  in  the  series  of  tubs,  which  allows  only  the^ 
fluid  to  pass  through. 

If  you  find  that  the  whole  of  the  silver  is  not 
being  separated  from  the  water,  after  testing  a 
small  portion  of  the  liquid  passed  through  the 
filtering  apparatus  in  a  test-tube,  with  a  few  drops 
of  pure  hydrochloric  acid,  it  can  easily  be  rectified. 
This  reagent  will  immediately  indicate  the  presence 
of  silver,  though  the  portion  may  be  only  infinitesi- 
mal. The  greater  the  quantity  of  acid,  or  alkaline 
salts  in  which  the  silver  is  soluble,  is  the  cause,  as 
they  are  more  capable  of  redissolving  some  of  the 
precipitated  silver.  All  such  liquids  will,  however, 
have  the  silver  extracted  from  them  completely  as 
they  pass  through  the  filters  of  sawdust,  by  mixing 
the  latter  with  a  few  granulated  zinc  flakes,  or  zinc 
shavings  or  turnings,  not  filings,  and  if  sufficient 
time  is  allowed  for  the  water  to  remain  in  the  tubs 
for  the  conversion  of  the  silver  into  the  metallic 
condition  (this  can  be  assisted  by  fixing  a  stop-tap 
to  the  end  of  the  last  outlet-pipe),  the  success  of  the 
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process  largely  dependmg  upon  the  bulk  of  the 
liquid  made  use  of  in  the  manufacturing  establish- 
ment, and  of  its  speed  of  progress  through  the 
sawdust.  For  small  workers  it  is  a  very  simple  and 
effective  apparatus  for  filtering  purposes.  At  stated 
periods  the  silver  residue,  including  the  sawdust 
from  each  tub,  is  collected  together,  dried,  and 
burnt  in  the  boiler-furnace,  if  you  have  one  on  the 
premises,  and  then  either  sold  to  the  smelter,  or 
melted  with  three-fifths  its  weight  of  soda-ash,  as 
the  fluxing  substance,  in  a  clay  crucible,  taking  care 
to  ascertain  that  the  fused  mass  above  the  button 
of  alloyed  silver  is  quite  free  from  metal  before 
taking  the  crucible  out  of  the  fire.  The  button  of 
mixed  metals,  when  obtained,  is  remelted  and  cast 
into  ingot  form  with  the  view  of  sale  to  the  highest 
bidder,  after  trials  by  assay. 

After  the  burning  operation,  the  product  must  be 
well  pulverised  to  break  up  any  clotted  parts  that 
may  not  have  burned  to  powder,  for  it  is  essential 
that  the  product  to  be  melted  should  be  in  fine 
powder,  and  thoroughly  mixed  with  the  reducing 
flux,  also  in  fine  powder,  to  enable  every  particle  of 
metal  to  leave  the  slag  and  thus  be  recovered  in 
solid  form.  If  the  product  is  put  into  the  crucible 
in  lumps,  some  of  these  will  not  yield  to  the  action 
of  the  flux,  and  numerous  beads  of  metal  will  be 
found  dispersed  in  diff"erent  parts  of  the  slag  upon 
breaking  it  into  fragments  when  cold — the  operation, 
therefore,  then  shows  that  it  has  been  imperfectly 
performed,  and  loss  of  metal  is  the  result. 

The  simplicity  of  the  working  of  this  method  for 
the  recovery  of  the  silver  from  its  various  solutions 
will  be  apparent,  for  the  more  water  that  is  allowed 
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to  mix  with  them  the  more  perfect  will  be  the 
recovery  of  the  silver.  The  amount  of  loss  being 
very  small  indeed — no  more,  in  fact,  than  would  be 
expected  in  treating  each  solution  separately  for  the 
extraction  of  the  silver.  While  the  cost  of  its 
recovery  is  much  less,  and  this  alone  will  commend 
the  process  to  the  notice  of  manufacturers  generally. 


CHAPTER  XXXI 

RECOVERING   PLATINUM   FROM   PLATINUM    SOLUTIONS 

As  platinum  is  now  used  extensively  in  the  manu- 
facture of  jewellery,  and  in  some  other  of  the  arts 
and  crafts,  its  separation  from  its  alloys  and  soluble 
salts  is  a  matter  of  no  little  importance,  and  is  of 
special  interest  to  manufacturing  jewellers,  refiners, 
and  other  kindred  workers  employing  the  precious 
metal ;  and  taking  into  consideration  its  great  cost 
(more  than  twenty  times  that  at  which  it  could  be 
purchased  at  thirty  years  ago)  any  general  informa- 
tion of  a  commercially  practical  nature  will  naturally 
be  sought  for  with  avidity  by  those  concerned  in 
reducing  the  metal  by  manufactural  operations  into 
different  forms  suitable  for  their  everyday  uses. 
For  platinum  is  used  in  the  manufacture  of  jewellery 
in  various  ways  :  it  is  employed  as  a  separate  part 
of  jewellery  in  conjunction  with  a  separate  part  of 
gold,  each  portion  representing  the  distinct  char- 
acteristics of  the  two  metals,  which,  when  united, 
exhibit  a  most  pleasing  effect,  as  both  metals  can 
always  be  seen.  It  is  employed  in  diamond  ring 
setting  as  a  backing  to  the  stone  to  enhance  and 
preserve  its  brilliancy — the  pure  metal  itself  being 
sometimes  employed  for  this  purpose,  though  more 

often  alloyed  with  silver.     It  is  also  used  to  alloy 
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the  gold,  and  particularly  in  the  manufacture  of 
18-carat  white  gold  it  is  almost  imperative,  as  nickel 
makes  the  gold  too  brittle,  and  as  silver  alone 
alloyed  with  the  gold  imparts  to  the  mixture  a 
greenish  tinge,  and  this  is  not  altogether  satisfactory 
in  the  construction  of  some  of  the  designs  of  high- 
class  art  craftsmanship.  I  have  in  like  manner 
succeeded  in  introducing  platinum  into  an  alloy  to 
be  used  as  the  solder  for  platinum  workers,  and 
which,  I  believe,  some  of  the  more  eminent  firms 
are  now  using  for  uniting  the  different  parts 
together.  Platinum  is  used  in  the  manufacture 
of  electrical  apparatus,  and  as  pins,  sockets, 
and  other  requisites  of  the  dentist  for  artificial 
teeth. 

Platinum  is  a  true  metal,  insoluble  in  nitric  acid, 
hydrochloric  acid,  and  sulphuric  acid,  but  soluble  in 
aqua-regia,  that  is  a  mixture  of  hydrochloric  and 
nitric  acids ;  also,  it  is  infusible  at  the  highest 
temperatures  attainable  in  wind  furnaces,  but 
capable  of  being  melted  therein  when  alloyed  with 
some  of  the  other  metals,  notably  lead,  tin,  and 
silver.  The  pure  metal  is  only  melted  in  the  oxy- 
hydrogen  flame,  and  the  furnace  consists  of  two 
well-fitting  pieces  of  quicklime,  hollowed  out  to 
form  a  crucible  or  hearth ;  an  opening  at  the  side 
serves  as  a  spout  for  the  melted  metal,  and  for 
carrying  off  the  fumes  and  products  of  combustion. 
The  nozzle  conveying  the  oxyhydrogen  blowpipe  is 
introduced  through  an  opening  made  in  the  centre 
of  the  cover.  Lime  is  used  as  the  crucible  for  the 
melting,  because  it  is  infusible  at  the  heating  point 
of  the  flame,  and  because  it  is  porous  and  absorbs 
the  slags  and  impurities  formed  during  the  operation  ; 
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it  is  also  a  poor  conductor  of  heat.  Platinum  can 
also  be  melted  in  an  electric  furnace. 

Chemically  pure  platinum  is  quite  soft,  flexible, 
and  extremely  malleable  and  ductile,  like  wrought 
iron,  and  can,  like  the  latter,  be  welded  at  a 
white  heat.  Native  platinum  is  usually  alloyed 
with  iridium,  rhodium,  etc.,  and  these  make  the 
commercial  metal  brittle.  The  use  of  platinum 
for  jewellery  has  greatly  increased  during  the  last 
decade,  and  in  view  of  the  great  increase  in  the 
price  of  platinum  many  attempts  have  been  made 
to  find  substitutes  for  it,  and  in  some  instances 
this  has  been  partially  accomplished.  I  have  suc- 
ceeded in  preparing  alloys  equal  to  all  the  English 
standards,  at  the  same  cost  ^  of  each  or  thereabout, 
and  of  the  same  colour  as  the  platinum  metal 
itself.  These  are  perfectly  workable,  being  only 
required  to  be  manipulated  with  the  usual  safe- 
guards common  to  gold  alloys  of  the  different 
standards. 

The  distribution  of  platinum  in  the  principal 
industries  was  estimated  in  1902,  by  a  high  autho- 
rity in  the  industrial  world,  to  be  as  follows : — For 
dental  manufacturers,  50  per  cent.  ;  for  chemical  and 
electro-chemical  industries,  30  per  cent. ;  and  for 
electrical  manufacturers  and  jewellers,  20  per  cent.  ; 
but  the  use  of  platinum  in  the  electrical  and  manu- 
facturing jewellery  trades  has  considerably  increased 
since  that  date,  and  the  percentage  is,  therefore, 
now  much  higher  in  both  those  industries. 

^  Taken  at  pre-war  prices. 


CHAPTER  XXXII 

RECOVERING   PLATINUM   FROM   ELECTRO- 
PLATINATING   SOLUTIONS 

The  principal  salt  of  platinum  in  the  formation  of 
solutions  for  electro-depositing  the  metal  is  the 
bichloride  of  platinum  (PtCl4),  also  called  platinic 
chloride ;  this  salt  is  soluble  in  water.  There  is 
also  a  protochloride,  or  platinous  chloride  (PtCl2), 
which  is  produced  by  overheating  the  bichloride  or 
prolonging  the  operation  of  evaporating  away  the 
liquid  to  form  the  correct  crystallised  salt.  Platinous 
chloride  is  insoluble  in  water,  and  further  applica- 
tion of  heat,  when  it  has  been  evaporated  to  that 
stage,  quickly  reduces  it  to  metallic  platinum.  It 
is,  therefore,  the  platinic  or  bichloride  which  is 
so  valuable  to  the  metallurgist,  electro-depositor 
and  manufacturer,  as  it  is  from  this  salt  that  all 
the  platinum  compounds  are  obtained,  either  directly 
or  indirectly.  This  salt  is  prepared  by  dissolving 
platinum  in  aqua-regia,  in  the  proportion  of  3 
parts  of  hydrochloric  acid  to  1  part  of  nitric  acid, 
the  same  as  is  commonly  used  in  the  dissolving  of 
gold,  but  platinum  takes  a  longer  time  to  dissolve 
than  does  gold,  and  usually  a  larger  bulk  of  liquid 
is  required  to  effect  complete  solution.     About  6  fluid 

ozs.  of  aqua-regia  are   necessary  to   dissolve  1  oz. 
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of  platinum.     The  two  acids  should  not  be  mixed 

until  they  are  required  to  be  used,  for  the  reason 

that  they  mutually  decompose  each  other,  and  then 

have  no  dissolving  power  for  either  gold  or  platinum. 

But  when  mixed  together,  and  used  at   once,  the 

hydrogen   of  the  hydrochloric  acid  combines  with 

the  oxygen  of  the  nitric  acid  to  form  water,  and 

chlorine  gas  is  set  free,  and  this  uniting  with  the 

water  forms  liquid  chlorine,  a  true  solvent  for  both 

gold  and  platinum,  and  nitrosyl  chloride  gas  (NOCl), 

a  mixture  of  gases  resulting  from  the  reactions  of 

the  two  acids,  but  have  no  dissolving  effects  on  the 

platinum,  escapes  in  reddish  brown  fumes.     When 

all   the    platinum    is   dissolved    no   further    action 

takes  place,  and  heating  the  liquid  greatly  hastens 

the   operation.     The  quantity  of  aqua-regia   given 

above    should   be    sufficient    to    dissolve    1    oz.    of 

platinum.     The  aqua-regia  is  increased  in  quantity 

in  proportion  to  the  number  of  ounces  of  platinum 

to  be  dissolved  ;  if,  however,  much  evaporation  takes 

place  while  the  platinum  is  being  dissolved,  more 

may  be  required  than  stated  in  the  formula,  as  it 

takes   a   long  time  to   dissolve  large  quantities   of 

platinum,  and  particularly  is   this  so  if  the   acids 

are    not    pure    and   not    very    strong.      After    the 

platinum    has   completely   dissolved,  the   liquid   is 

evaporated  in  a  porcelain  dish  until  a  scum  appears 

on  the  surface  and  the   liquor  becomes  thick    and 

almost   like   a   syrup,  when    nearly  all   the   nitric 

acid  will  have  been  evaporated  or  driven  off,  and 

bichloride    of  platinum   is   obtained  after   cooling, 

in  the  crystallised  condition. 

The  crystals  of  bichloride  of  platinum  may  be 

dissolved   in  water   and  used  in   union   with   such 
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other  chemical  salts,  in  the  preparation  of  the 
different  solutions  as  have  been  compounded  by- 
various  authorities  for  platinating  purposes,  as  are 
preferred.  Chief  among  these  being  phosphate  of 
ammonia,  citrate  of  sodium,  cyanide  of  potassium, 
phosphate  of  sodium,  cyanide  of  sodium,  pyro- 
phosphate of  sodium,  platinic  ammonium  chloride, 
and  oxylates  of  platinum.  I  mention  all  these  to 
show  that  the  method  I  am  about  to  describe  is 
applicable  to  one  and  all  of  the  solutions  for  the 
reduction  of  the  platinum,  either  treated  singly,  in 
series,  or  all  mixed  together,  after  diluting  with 
water  and  adding  a  little  acid. 

It  is  advisable  to  keep  all  platinum  solutions,  and 
all  the  waste  resulting  from  its  use,  separately,  as 
far  as  is  possible,  from  all  similar  products  of  gold 
and  silver,  for  the  reason  that  when  mixed  residues 
containing  the  three  metals  are  sold  to  some  smelt- 
ing firms,  the  vendors  may  lose  the  value  of  the 
platinum  which  forms  a  part  of  the  residue  through 
the  unsatisfactory  method  of  testing  the  samples 
submitted  for  trial  by  assay,  which  may  fail  to  dis- 
cover the  platinum  by  its  not  being  sought  for,  and 
when  inquiry  is  made,  you  will  be  met  with  the 
reply  that  no  platinum  was  found  to  exist  in  the 
samples  tested.  When,  however,  this  kind  of 
residue  is  kept  entirely  separate  from  all  other  kinds 
of  waste  you  will  be  sure  of  the  fact  that  platinum 
does  exist,  and  you  will  be  able  to  give  directions 
as  to  what  metal  the  waste  residue  does  actually 
contain,  and  there  should  then  be  no  difficulty 
whatever  about  arguing  the  truth  of  the  matter 
further.  It  is  always  the  best  plan  to  submit 
platinum  waste  to  smelting  firms  who  make  platinum 
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smelting  a  speciality,  for  an  offer,  and  who  are  of 
known  reputation  for  straightforward  dealing,  for 
great  losses  are  easily  made  with  platinum  at  £24 
per  ounce  (its  present  price),  unless  extra  pre- 
cautionary measures  are  taken  to  recover  the 
value  of  most  of  the  platinum  that  goes  into 
the  waste  as  the  result  of  manufacturing  opera- 
tions of  various  kinds  in  industrial  pursuits. 
There  are  several  methods  practised  for  the 
recovery  of  platinum  from  its  solutions,  such,'  for 
instance,  as  evaporating  the  solutions  to  dryness 
and  then  burning  the  residue  to  obtain  metallic 
platinum ;  the  precipitation  of  platinum  by  various 
chemical  salts  into  platinum  salts,  the  insolubility 
of  which,  however,  is  not  always  certain  ;  and  the 
precipitation  by  copper  into  metallic  platinum. 
None  of  these  methods  are  altogether  of  the  most 
satisfactory  kind  when  practised  in  a  jeweller's 
workshop.  The  former  being  too  expensive  if  the 
bulk  of  liquid  to  be  reduced  is  large ;  the  second 
in  consequence  of  its  requiring  skilled  attention ; 
while  the  third,  although  it  does  not  require 
expert  knowledge,  its  action  is  very  slow,  unless 
the  solutions  are  strongly  acid  to  cause  the  copper 
to  be  attacked  and  enter  into  solution  to  take 
the  place  of  the  platinum,  which  then  goes  out 
and  is  precipitated  as  metallic  platinum.  I  shall 
describe  two  processes  for  the  recovery  of  platinum 
from  its  solutions,  which,  for  simplicity  of  working, 
leave  nothing  to  be  desired  in  their  application 
to  the  work  of  the  factory.  The  first  is  by  the 
agency  of  metallic  zinc,  and  nothing  will  be  found 
more  satisfactory. 
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The  Metallic  Zinc  Process 

The  principle  of  this  method  is  the  same  as  those 
described  for  gold  and  silver  by  the  immersion  of  a 
sheet  of  metallic  zinc  in  cyanide  solutions  of  the 
respective  metals,  whereby  the  gold  and  silver  is 
precipitated  (thrown  down)  in  the  metallic  state, 
and  in  this  way  the  platinum  may  also  be  com- 
pletely recovered  from  all  its  soluble  solutions  if 
sufficient  time  is  given  for  the  separation  therefrom 
of  the  platinum.  The  platinum  is  "thrown  down" 
into  the  metallic  condition,  from  which  any  adulter- 
ating substances  may  be  removed,  by  a  process  I  shall 
describe,  leaving  pure  metallic  platinum  undissolved. 

The  solutions  from  which  the  platinum  is  to  be 
recovered  should  be  placed  in  a  glazed  earthenware 
vessel  (see  fig.  18)  or  any  other  receptacle  having  a 
smooth  inside  surface.  The  solutions  should  be  made 
slightly  acid,  if  they  are  not  already  so,  with  spirits  of 
salts — the  commercial  acid  will  do  for  the  purpose — 
and  when  they  turn  blue  litmus  paper  red  they  are 
in  a  fit  state  to  receive  the  zinc.  The  metallic  zinc 
employed  may  be  in  the  form  of  a  large  thin  sheet 
suspended  by  a  cross-bar  from  the  top  of  the  vessel 
and  hanging  in  the  centre  of  the  solution  ;  or  it  may 
be  used  in  a  series  of  long  strips  reaching  nearly  to 
the  bottom  of  the  vessel,  the  top  portion  of  each  strip 
being  bent  into  the  form  of  a  hook  and  hung  over 
the  rim  of  the  vessel,  which  will  secure  them  in 
their  places,  at  certain  distances  apart,  in  a  circle 
around  the  vessel.  The  object  being  to  expose  as 
much  surface  of  zinc  as  possible  to  the  action  of  the 
liquid,  the  acidity  of  which  will  provide  fresh 
surfaces  by  removing  the  oxide  as  it  forms,  and  thus 
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keeping  up  a  constant  supply  of  hydrogen  to  pre- 
cipitate the  platinum  without  further  attention, 
unless  it  be  the  addition,  occasionally,  of  a  very 
small  quantity  of  spirits  of  salts  to  increase  the 
action  of  the  zinc,  and  thus  hasten  the  operation  by 
the  evolving  of  more  hydrogen ;  but  it  is  by  no 
means  advisable  to  have  too  much  agitation  set  up 
in  the  solution — it  will  be  found  much  better  to  let 
the  operation  proceed  more  slowly,  for  the  reason 
which  will  hereafter  be  amply  explained. 

The  proportion  of  metallic  zinc  required  to 
decompose  platinating  and  other  solutions  is  not 
large,  as  hydrogen  readily  precipitates  platinum 
into  the  metallic  state  from  its  soluble  compounds. 
From  \  oz.  to  J  oz.  of  zinc  to  1  gallon  of  solution 
holding  platinum  in  solution  not  exceeding  those 
proportions,  if  allowed  to  work  slowly,  will  separate 
all  the  platinum  from  its  solvents  in  a  commercially 
satisfactory  manner.  The  formula  is  as  follows,  for 
solutions  holding  respectively  per  gallon  of  solution 
5  dwts.  and  10  dwts.  of  platinum  : — 

Platinum  solution,  1  gallon ;  Metallic  zinc,    5  dwts. 

Platinum  solution,  1  gallon ;  Metallic  zinc,  10  dwts. 

The  more  surface  of  zinc  exposed,  the  more 
quickly  is  the  removal  of  the  platinum  brought 
about,  and  if  the  liquid  is  occasionally  stirred  during 
the  day,  in  order  to  bring  all  parts  into  contact  with 
the  zinc,  it  will  greatly  assist  the  operation,  and  by 
allowing  it  to  remain  during  the  night,  it  will  be 
found  in  the  morning  that  all  the  platinum  has  been 
separated  from  the  solution. 

The  zinc,  when  first  placed  in  the  platinum  solu- 
tion, turns  of  a  blackish  colour,  and  this  prevents 
the  platinum  adhering  to  it,  and  the  constant  action 
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of  the  acidulated  liquid  on  the  zinc  surfaces  causes 
the  platinum  to  fall  off  and  sink  to  the  bottom  of 
the  vessel  in  a  metallic  powder.  The  zinc,  there- 
fore, gradually  becomes  dissolved,  and  zinc  chloride 
(ZnCl2)  is  produced — a  very  soluble  salt  which 
remains  in  solution,  unless  too  much  zinc  has  been 
used,  and  it  has  been  allowed  to  remain  too  long  in 
the  solution  as  to  saturate  it  with  zinc  chloride — 
which  takes  the  place  of  the  platinum.  When  the 
zinc  has  remained  in  the  platinum  solution  a  certain 
length  of  time,  say  12  to  24  hours,  it  is  removed 
and  its  surface  brushed  to  free  it  of  adhering  matter, 
and  the  solution  allowed  a  period  of  rest  to  enable 
suspended  matter  to  well  settle.  A  portion  of  the 
clear  liquid  is  then  taken  up  in  a  clear  glass  test- 
tube  and  a  few  drops  of  protochloride  of  tin 
(stannous  chloride  SnCl2)  poured  into  it,  when,  if 
platinum  still  exists  in  the  solution,  an  intense  brown- 
red  colour  will  be  imparted  to  the  liquid,  and  if  no 
change  of  colour  takes  place  all  the  platinum  will 
have  been  separated  from  the  solution. 

After  the  zinc  has  remained  in  the  platinum 
solution  for  the  necessary  length  of  time  to  pre- 
cipitate the  whole  of  the  platinum,  the  clear  liquid  on 
the  top  of  the  precipitated  platinum  is  either  poured 
or  syphoned  off  by  means  of  a  syphon  or  rubber  tube  ; 
if  by  the  latter,  the  tube  is  first  filled  with  water 
and  then  one  end  immersed  in  the  solution,  care 
being  taken  not  to  withdraw  any  of  the  sediment 
at/ the  bottom  of  the  vessel,  which  will  contain  the 
platinum.  The  sediment  is  then  washed  thoroughly 
by  pouring  water  over  it — preferably  hot — well 
stirring,  allowing  to  settle  again,  and  then  pouring 
oflF  completely.     This  operation  should  be  repeated 
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four  or  five  times  in  the  same  way,  when  the  platinum 
will  have  been  washed  free  from  zinc  salt,  acid,  and 
foreign  matter,  with  which  it  may  be  contamin- 
ated. The  metallic  platinum  thus  obtained  may 
not  be  absolutely  pure,  for  if  the  platinum  solutions 
contained  any  traces  of  silver  or  other  base  metals 
these  would  be  precipitated  along  with  the  platinum, 
and  then  the  latter  needs  purification  before  it  can 
be  sold  to  the  best  advantage.  This  is  brought 
about  in  the  following  manner  : — Put  the  washed 
platinum  in  a  porcelain  vessel  (fig.  11) — large 
quantities  are  treated  in  a  cast-iron  pot — and  pour 
over  it  a  nearly  concentrated  solution  of  sulphuric 
acid  made  up  as  follows  : — 

Sulphuric  acid  (HjSO^)       ....     5  ozs. 
Water  (HjO) 1  oz. 

The  sulphuric  acid  is  added  slowly  and  by  degrees 
to  the  water,  and,  when  mixed,  it  is  poured  over 
the  impure  platinum  powder  ;  the  mixture  is  heated 
over  a  sandbath,  or  other  convenient  heating 
apparatus,  until  all  eiSfervescence  ceases,  when  all 
the  contaminating  base  metals  will  have  become 
dissolved  out  of  the  sedimentary  powder.  The 
liquid,  holding  the  base  metals  in  the  form  of 
sulphates,  is  then  poured  ofi",  but  if  it  is  suspected 
that  the  platinum  has  not  been  left  quite  pure,  a 
fresh  portion  of  acid  mixture  is  added  and  the  whole 
again  heated  to  a  high  degree  of  heat,  when  the 
platinum  will  have  become  thoroughly  purified. 
After  the  second  boiling  has  been  completed,  the 
liquid  is  poured  off,  as  before,  and  clean  water  added 
to  wash  the  platinum  residue.  The  washing  opera- 
tion is  repeated,  with  clean  water  each  time,  until 
the  water  com^s  away  from  the  platinum  quite  clear. 
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The  platinum  will  then  be  quite  pure  and  in  the 
metallic  condition,  but  in  a  finely  divided  form  after 
being  gently  dried,  and  may  be  used  for  making 
bichloride  of  platinum,  or  any  other  salts  of  the 
metal,  or,  as  an  alternative  method,  sold  outright 
to  platinum  dealers,  or  bartered  in  exchange  for 
new  metal,  whichever  is  the  most  convenient  form 
of  dealing  with  it.  Platinum  cannot  be  melted  in 
wind-furnaces,  it  must  be  melted  in  a  lime  crucible 
by  means  of  the  oxyhydrogen  blow-pipe,  or  by 
means  of  an  electric  furnace.  Platinum  does  not 
dissolve  in  sulphuric  acid  if  slightly  diluted 
with  water,  not  even  when  in  a  finely  divided  con- 
dition, and  platinum  residues  without  any  gold  in 
them  may  all  be  treated  for  the  recovery  of  the 
platinum  by  means  of  strong  sulphuric  acid,  in  which 
not  a  trace  of  the  platinum  is  dissolved. 

The  various  operations,  therefore,  by  this  process 
for  the  recovery  of  the  platinum  may  be  recapitu- 
lated as  follows : — 

(1)  Precipitating  the  platinum  from  its  soluble 
solutions  with  sheet  zinc  or  zinc  strips. 

(2)  Washing  the  precipitated  platinum  with  water 
to  free  it  of  all  foreign  matter. 

(3)  Boiling  the  platinum  residue  in  strong 
sulphuric  acid  to  remove  base  metals. 

(4)  Washing  the  purified  platinum  powder  free 
from  acid  to  obtain  clean  metal. 

(5)  Heating  the  pure  platinum  powder  to  dryness 
to   evaporate  away  all    traces    of   moisture,    when  « 
metallic  platinum  will  be  obtained  in  the  dry  state 
and  in  an  elementary  form. 

This  mode  of  treatment  for  the  recovery  of  the 
platinum  from  its  chemical  solutions  is  applicable 
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alike  to  both  small  and  large  bulks  of  liquid,  and  is 
less  costly  than  some  of  the  other  methods,  as  it 
throws  down  metallic  platinum. 

The  Hydrogen  Sulphide  Process 

Platinum  may  be  precipitated  from  its  solutions  by 
means  of  sulphuretted  hydrogen  gas  (H2),  and  this 
gives  the  metal  in  the  form  of  sulphide  of  platinum, 
which  has  to  be  heated  for  some  time  at  a  high 
temperature  with  or  without  exposure  to  atmospheric 
air  to  eliminate  the  sulphur,  when  metallic  platinum 
will  remain  behind.  From  not  too  large  bulks  of 
liquid  the  precipitation  of  the  platinum  with  sul- 
phuretted hydrogen  gas  (a  current  of  the  gas  must 
always  be  used  in  adopting  this  method,  as  a  solu- 
tion of  the  gas  in  water  is  not  quite  so  satisfactory) 
is  preferable  to  evaporating  the  solutions  to  dryness 
and  then  separating  the  platinum  from  the  residue. 
Sulphuretted  hydrogen,  or  hydrogen  sulphide  gas, 
dissolves  readily  in  water,  and  a  solution  of  this 
mixture  is  commonly  termed  hydrosulphuric  acid ; 
but  a  solution  of  the  gas  in  water  is  not  sufficient, 
the  gas  must  be  nascent  to  be  completely  satisfac- 
tory in  effecting  the  reduction  of  the  whole  of 
the  platinum  from  solutions  containing  a  variety 
of  mixed  alkaline  constituents.  The  operation  is 
conducted  as  follows  : — First  dilute  and  acidulate 
the  platinum  solution  (if  it  is  not  already  acid)  with 
spirits  of  salts  until  blue  litmus  paper  is  faintly 
turned  red,  after  which  a  current  of  the  gas  is 
allowed  to  flow  into  it,  and  this  will  precipitate  the 
platinum  and  any  silver  or  copper  that  may  be 
present  as  sulphides  of  the  respective  metals.  The 
apparatus    for    the    production   of    the    hydrogen 
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sulphide  gas  is  shown  in  fig.  27.  The  gas  is  produced 
in  the  vessel  A  by  dilute  oil  of  vitriol  acting  on 
sulphide  of  iron  (FeS),  and  the  vessel  B  contains  the 
solution  holding  the  dissolved  platinum  which  it  is 
desired  to  separate  from  the  liquid  in  the  solid  form. 
For  the  production  of  the  hydrogen  sulphide 
take  a  good  sized  wide-mouthed  jar,  or  double-necked 
bottle  ;  if  the  latter,  into  one  neck  of  which  a  funnel 
passing  through  a  cork  is  fixed,  and  into  the  other 
a  bent  tube  C  is  passed,  also  through  a  cork,  and 


Fig.  27. — Sulphuretted  hydrogen  apparatus. 

terminating  in  the  platinum  solution  at  nearly  the 
bottom  of  the  vessel.  When  this  arrangement  is 
made  use  of,  water  and  sulphide  of  iron  are  intro- 
duced into  the  jar  A,  the  corks  containing  the  funnel 
and  gas-conveying  tube  are  then  fixed  in  the  neck, 
and  oil  of  vitriol  very  gradually  poured  in  through 
the  funnel  until  one-eighth  the  volume  of  water  has 
been  poured  in.  The  substances  in  the  hydrogen 
generating  jar  should  about  half  fill  it.  The  gas 
being  evolved  almost  immediately,  and  accumulates 
in  the  space  above  the  water,  then  passing  through 
the  tube  C,  is  discharged  into  the  liquid  holding  the 
platinum  in  solution,  from  which,  in  a  short  time, 
the  whole  of  the  platinum  will  be  reduced  to  the 
condition  of  an  insoluble  sulphide,  readily  converted 
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into  metallic  platinum  by  raising  the  residue  to  a 
dull  red  burning  heat  with  exposure  to  air,  the 
sulphur  and  oxygen  escaping  from  the  burning  mass 
and  disappearing  up  the  chimney.  The  iron  sul- 
phide should  be  used  in  lumps  about  as  large  as 
bullets,  and  the  leg  of  the  thistle  funnel  should 
reach  nearly  to  the  bottom  of  the  generating  vessel. 
The  combination  of  sulphur  and  hydrogen  produces 
an  acid  gas  which  is  exceedingly  poisonous  if 
inhaled,  and  it  is  advisable  when  employing  this 
method  to  use  every  precaution  in  conducting  the 
operation,  and,  if  possible,  perform  it  in  a  room 
where  there  are  no  workpeople  employed.  The 
conditions  which  most  favour  the  precipitation  of 
the  platinum  are,  that  the  solution  is  only  made 
moderately  acid,  after  being  diluted  with  water,  as 
the  acid  properties  of  the  gas  in  its  nascent  form 
obviates  the  need  of  an  excess  of  acid  being  added 
to  cause  the  platinum  to  more  readily  be  thrown 
down  from  its  alkaline  solutions  by  passing  sul- 
phuretted hydrogen  gas  through  them. 

The  theory  of  the  process  of  generating  sul- 
phuretted hydrogen,  just  described,  is  that  the 
sulphide  of  iron  partly  decomposes  the  oil  of  vitriol 
and  the  water  by  liberating  the  hydrogen,  then  the 
free  acid  attacks  the  iron  sulphide,  liberating  the 
sulphur,  and  by  these  reactions  the  hydrogen  and 
sulphur  unite  in  the  gaseous  state  to  form  the  above 
named  gas,  while  the  oxygen  of  the  water  combines 
with  the  iron  to  form  oxide  of  iron,  and  this  oxide 
unites  with  the  undecomposed  acid  of  the  oil  of 
vitriol  to  form  sulphate  of  iron,  which  is  retained  in 
the  generating  jar,  the  gas  only  passing  through 
the    bent    tube    into    the    platinum    solution.     If 
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hydrogen  sulphide  is  passed  through  a  platinum 
solution  of  an  acid  nature  till  no  further  precipita- 
tion takes  place,  a  precipitate  of  platinum  will  be 
formed  which  is  insoluble  in  the  solution.  When 
the  operation  is  finished  the  sulphate  of  iron  should  be 
poured  out  of  the  gas  generating  vessel,  and  if  any 
sulphide  of  iron  remains  it  should  be  well  washed 
with  water  and  placed  aside  for  use  another  time. 

When  the  sulphide  of  platinum  has  been  obtained, 
the  liquid  above  it  is  poured  off,  and  when  this  is 
done  wash  the  residue  with  water  several  times 
— the  residue  left  contains  the  platinum,  with 
probably  traces  of  base  metals  in  commercial  pro- 
ducts. The  sulphide  of  platinum  is  next  burned 
gradually  to  a  red-heat  to  expel  the  sulphur  in  the 
form  of  vapour,  care  being  taken  at  first  to  avoid 
too  rapid  heating  which  would  cause  the  mass  to 
agglomerate ;  the  heating  being  continued  until  all 
the  sulphur  in  union  with  the  platinum  is  driven  off 
by  the  heat  in  sulphurous  acid  fumes,  when  finely 
divided  metallic  platinum  is  left  as  the  residue.  This 
is  then  boiled  in  slightly  diluted  pure  sulphuric  acid, 
which  dissolves  away  all  other  impurities,  and  pure 
platinum  only  remains,  which  is  well  washed  to 
remove  all  traces  of  acid,  gently  dried  to  evaporate 
away  every  trace  of  water,  when  the  series  of  opera- 
tions are  at  an  end,  and  the  recovery  of  the  platinum 
is  an  accomplished  reality  in  the  form  of  a  heavy 
greyish  black  powder.  Absolutely  pure  concen- 
trated sulphuric  acid,  at  the  boiling  point,  dissolves 
portions  of  platinum  when  its  purity  is  infringed 
upon,  but  when  it  is  used  slightly  diluted  (see 
formula  of  strength  above)  the  base  metals  can  be 
removed  without  loss  of  platinum. 


CHAPTER  XXXIII 

SEPARATING  PLATINUM  FROM  GOLD  UNITED  BY  SOL- 
DERING IN  A  MANNER  THAT  BOTH  METALS  CAN 
ALWAYS   BE   DISTINGUISHED 

This  is  a  topic  in  which  the  manufacturing  jewellery 
trade  appears  to  be  possessed  of  very  little  know- 
ledge, and  now  that  platinum  is  used  somewhat 
extensively  in  the  manufacture  of  jewellery  in 
various  ways,  this  subject  presents  itself  as  one 
of  interest  when  the  platinum  is  employed  as  a 
separate  portion  of  the  jewellery  itself  in  con- 
junction with  a  separate  portion  of  gold,  and  not 
used  to  alloy  the  gold  at  all.  When  the  two 
metals  are  employed  in  this  manner  they  are 
always  distinguishable  to  the  eye,  and  it  is  well 
to  know  how  to  separate  the  two  metals  again, 
from  old  articles,  scraps,  and  sundry  manufacturing 
materials,  from  the  solder,  without  having  to  send 
the  principal  portion  to  the  refiner.  The  quality 
of  the  gold  used  in  conjunction  with  the  platinum 
is  of  importance,  as  the  separation  will  have  to  be 
performed  by  the  "  wet  process,"  and  a  low  quality 
of  gold  may  thereby  be  affected  ;  but  when  the  gold 
is  of  good  quality,  that  is  to  say,  9-carat  and 
upwards,  and  the  solder  used  in  joining  the  gold 

and  platinum  together  consisted  of  either  fine  silver, 
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silver  solder,  low  quality  gold,  dental  alloy,  or  one 
of  the  platinum  solders  devised  by  the  writer,  a 
convenient  method  of  separating  the  two  principal 
metals  again  is  as  follows : — Commence  by  heating 
the  scraps  or  other  material  red-hot,  in  order  to 
destroy  oil,  grease,  or  other  organic  matter,  for 
unless  the  heating  is  done  the  acid  solvent  for  the 
solder  would  be  obstructed  in  its  action  by  the  greasy 
parts.  The  solvent  for  the  above  solders  is  pure 
dilute  nitric  acid.  For  the  proportions  of  the  cold 
mixture,  take — 

Pure  nitric  acid       .....     2  parts. 
Water 2      „ 

Place  the  prepared  scraps  in  a  glazed  earthen- 
ware, porcelain,  or  glass  vessel,  and  pour  over  them 
sufficient  of  this  mixture  to  a  little  more  than  cover 
the  scraps.  The  nitric  acid  has  no  action  on  the 
platinum,  nor  on  9 -carat  gold,  if  the  copper  with 
which  it  is  alloyed  is  not  too  excessive,  but  the 
nitric  acid  must  be  quite  free  from  hydrochloric 
acid,  or  the  9-carat  gold  will  be  slightly  attacked. 
Cold  nitric  acid  has  no  action  on  gold  alloys  when 
they  contain  more  than  one-third  parts  of  fine  gold 
in  their  composition.  The  process  of  dissolving  the 
solder  may  be  hastened  by  using  a  warm  mixture 
of  nitric  acid  of  a  more  diluted  nature.  For  this 
mixture  take  as  follows : — 

Pure  nitric  acid I  part 

Water .4  parts. 

Do  not  employ  it  any  stronger  than  this,  and  it 
is  as  well  not  to  make  it  too  hot  if  the  gold  parts 
to  be  separated  from  the  platinum  are  of  no  higher 
standard  than  9-carat.     Nitric  acid  is  decomposed 
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by  nearly  all  the  base  metals,  the  weakest  being 
first  attacked,  by  their  taking  possession  of  the 
oxygen  from  the  nitric  acid  and  from  the  water 
to  form  metallic  oxides,  which  ultimately  become 
dissolved  into  the  liquid.  In  the  case  with  which 
I  am  now  dealing,  the  attackable  material  is  the 
solder  mixture,  and,  if  of  the  composition  stated 
above,  it  is  speedily  disintegrated  from  the  integral 
parts — the  gold  and  platinum — by  the  liberated 
free  acid  converting  the  substances  into  liquid 
nitrates  of  the  respective  alloying  metals  from 
which  the  solder  has  been  compounded,  while  the 
gold  and  platinum  will  remain  in  their  original 
forms,  although  separated  from  each  other,  and 
may  be  used  again  for  any  desired  purpose. 

The  operation  of  parting  gold  and  platinum  from 
each  other  in  ornamental  construction  work  when 
soldered  together  in  separate  parts,  and,  when  the 
solder  employed  in  their  connection  is  not  of  high 
standard,  is  by  this  method  one  of  great  simplicity, 
as  neither  of  these  metals  will  be  dissolved  by  the 
acid  mixture  used  for  dissolving  the  solder,  only 
the  solder  itself  being  dissolved.  When,  however, 
solder  of  very  high  standard,  such  as  l5-carat  gold, 
or  18-carat  gold,  is  used  for  soldering  purposes, 
this  mixture  will  not  suffice  to  effect  the  object 
in  view,  and  another  mixture  of  a  different  kind 
will  have  to  be  brought  into  application  for 
their  solution. 

The  liquid  containing  the  dissolved  solder  should 
not  be  thrown  away,  but  preserved  and  treated 
for  the  recovery  of  the  soluble  metals  contained 
therein. 

Gold  and  platinum,   when  soldered  together  in 
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separate  parts  by  high-quality  gold  solder,  may  be 
dealt  with  in  the  following  manner  for  the  parting 
from  each  other,  and  although  by  this  method  a 
little  of  both  the  gold  and  the  platinum  will  become 
dissolved  along  with  the  solder,  it  is  the  only  pro- 
cess known  to  be  practically  successful  in  its  opera- 
tion if  you  want  to  obviate  the  dissolving  of  the 
whole  of  the  material  forming  this  kind  of  waste, 
the  precipitating  of  individual  metals,  washing, 
filtering,  and  other  operations  to  separate  the 
respective  metals,  a  kind  and  form  of  processes 
altogether  too  complicated  for  persons  employed 
in  jewellery  establishments,  unless  possessed  of  more 
than  average  skill  and  intelligence ;  and  besides, 
there  is  the  further  risk  of  loss  of  metal  to  be 
added  to  the  extra  time  and  materials  required  in 
eft'ecting  all  the  necessary  operations  to  completely 
separate  all  the  metals  from  each  other  and  effect 
their  recovery.  This  information  will,  however,  be 
given  as  the  discourse  proceeds,  my  object  just  now 
being  to  describe  the  most  suitable,  practical,  and 
economical  method  to  pursue  in  the  jeweller's  work- 
shop, in  dealing  with  difficulties  such  as  those  I  am 
treating  of  in  this  chapter. 

There  is  no  legal  standard  for  the  solder  to  be 
used  for  joining  platinum  and  gold  of  any  standard 
together,  and  in  instances  where  the  gold  is  em- 
ployed of  high  standard,  say  as  high  as  18-carat, 
the  solder  may  be  9-carat,  12-carat,  or  15-carat — 
seldom  higher  in  the  fineness  of  the  gold — as  it  is 
an  entirely  open  question  for  individual  manu- 
facturers to  adopt  which  is  best  for  their  trade 
interests  and  requirements,  as  the  assay  offices  do 
not  hall-mark  this  class  of  work.     A  good  mixture 
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for  dissolving  the  gold  solder  from  scraps  of  this 
kind  is  made  up  as  follows : — 

Nitric  acid       ......       4  ozs. 

Hydrochloric  acid     .         .         .         .         .         J  oz. 

Water 1^  ozs. 

The  mixture  is  used  hot,  and  by  careful  treat- 
ment it  will  dissolve  gold  solder  of  inferior  quality 
to  the  stock  metal,  without  attacking  the  latter  to 
any  great  extent.  Some  portion  is,  of  course,  dis- 
solved as  the  solder  is  first  attacked,  and  while  this 
is  being  dissolved  the  full  force  of  the  action  of  the 
acid  is  being  withdrawn  from  the  two  chief  metals, 
so  that  by  carefully  watching  and  noting  when  the 
solder  is  removed,  and  when  that  stage  is  reached, 
by  pouring  ojff  the  liquid,  the  gold  and  platinum, 
then  in  separate  pieces,  may  be  removed  from  the 
dissolving  vessel,  rinsed  and  dried,  when  it  will  be 
found  that  much  less  gold  and  platinum  has  been 
dissolved  from  the  waste  material  by  this  mixture 
than  would  have  been  the  case  had  the  operation 
been  performed  according  to  the  general  method 
of  dissolving  the  solder  in  the  usual  aqua-regia 
mixture.  The  liquid  poured  off  will  contain  plati- 
num, gold,  silver,  copper,  and  probably  some  other 
metals,  that  depending  on  what  the  mixture  of 
solder  consisted  of,  and  by  diluting  this  liquid  with 
about  ten  times  its  volume  of  water  every  trace  of 
the  silver  will  leave  the  liquid  and  fall  to  the 
bottom  of  the  vessel  containing  the  poured  off 
liquid  in  the  form  of  silver  chloride.  Some  of  this 
(AgCl)  will  remain  in  the  dissolving  flask,  and  when 
the  metallic  pieces  of  gold  and  platinum  have  been 
removed  and  washed,  the  washings,  along  with  the 
silver  chloride  found  in  the  dissolving  flask  is  added 
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to  the  poured  off  liquid,  and  after  the  diluted  liquid 
has  remained  unmolested  for  some  time,  the  silver 
chloride  will  all  have  settled,  and  may  at  once  be 
recovered  by  pouring  off  the  liquid  standing  above 
it  (this  contains  the  portions  of  gold  and  platinum 
which  has  been  dissolved  along  with  the  solder), 
drying,  and  melting  it  in  a  clay  crucible,  with  about 
half  its  weight  of  soda-ash,  into  metallic  silver. 
The  treatment  for  the  recovery  of  the  liquid  gold  and 
platinum  will  be  described  in  another  chapter  when 
dealing  with  the  separation  of  gold  from  platinum. 
The  watery  wastes  holding  the  latter  metals  in  liquid 
suspension  should  be  strictly  preserved  and  carefully 
guarded  in  a  separate  vessel  from  the  ordinary  waste 
liquids  of  the  establishment  for  a  preliminary  treat- 
ment prior  to  being  passed  on  to  the  general  waste- 
water tubs  ;  for  the  great  cost  of  platinum  makes 
it  imperative  that  the  closest  watch  should  be  kept 
over  the  ever-occurring  waste  in  manufactories 
employing  so  expensive  a  metal,  as  such  a  thing  as 
financial  ruin  may  soon  overtake  the  negligent. 

Platinum  liquids  like  those  just  dealt  with,  by 
putting  into  a  large  stoneware  vessel,  may  have 
both  the  gold  and  platinum  precipitated  together 
in  one  operation  into  the  metallic  condition,  by  the 
immersion  of  sheets  or  strips  of  either  copper,  iron, 
or  zinc ;  and  as  the  vessel  becomes  filled  with  liquid 
the  only  attention  required  will  be  the  testing  of 
the  liquid  for  both  gold  and  platinum  (chloride  of 
tin  will  show  the  absence  of  both  gold  and  platinum 
when  no  change  takes  place  in  the  colour  of  the  liquid) 
each  time  before  it  is  drawn  off.  The  sediment 
thrown  down  may  remain  until  the  regulation  period 
arrives  for  a  balancing  up  of  the  affairs  of  trading. 


CHAPTER  XXXIV 

SEPARATING   PLATINUM   FROM   GOLD 

When  gold  and  platinum  are  melted  together  so  as 
to  form  an  alloy  of  these  two  metals  only,  the  gold 
and  platinum  may  be  separated  from  each  other, 
when  it  is  so  desired,  by  dissolving  the  compound 
mixture  in  aqua-regia  with  hydrochloric  acid  in 
excess.  There  is  no  other  known  method  of  doing 
it  but  this,  and  heat  must  be  applied  until  the 
two  metals  have  gone  into  solution.  Neither 
pure  gold,  nor  unalloyed  platinum,  are  dissolved 
by  either  pure  nitric  acid,  hydrochloric  acid,  or 
sulphuric  acid  when  employed  separately.  The 
solution  of  aqua-regia  found  best  to  answer  the 
purpose  is  as  follows : — 

Hydrochloric  acid   .....       4^  ozs. 

Nitric  acid      .         .         .         .         .         .       1^  „ 

Platinum-gold  .         .         .         .         .       1     oz. 

When   the   gold   and   platinum   has   all   become 

dissolved  and  gone  into  solution,  dilute  the  mixture 

with  about  8  to  10  times  its  volume  of  water  (in 

which  has  been  dissolved  a  little  washing  soda  to 

render   neutral    the   nitric    acid),  so    that    it    will 

contain  about   10  dwts.  of  gold  and  platinum  per 

pint  of  solution.     To  the  liquid,  when  diluted,  add 

a   strong    solution   of  ferrous   sulphate    (copperas) 
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prepared  in  hot  water  as  follows  : — For  every  1  dwt. 
of  gold  the  liquid  is  supposed  to  contain  add  1^  ozs. 
of  water,  in  which  has  been  dissolved  5  dwts.  of 
ferrous  sulphate ;  this  will  precipitate  the  gold  in 
the  form  of  a  fine  metallic  powder  of  fine  gold. 
Withdraw  a  little  of  the  liquid  standing  above  the 
precipitated  gold  by  means  of  the  pipette  into  a 
glass  test-tube,  add  to  this  a  few  drops  of  clear 
copperas  solution  (chloride  of  tin  cannot  be  used 
to  distinguish  these  two  metals  when  in  solution 
together,  as  a  few  atoms  of  gold  gives  nearly  the 
same  colour  as  the  platinum  to  the  liquid)  to 
ascertain  if  the  gold  has  all  been  "  thrown  down," 
when,  if  it  has,  no  further  precipitate,  cloudiness,  or 
change  of  colour  in  the  liquid  will  be  visible  to  the 
eye.  When  the  latter  stage  is  reached,  and  the 
gold  has  been  allowed  time  to  well  settle,  which 
does  not  take  long,  the  liquid  is  carefully  poured 
away  from  the  gold  precipitate.  The  liquid  poured" 
off  contains  the  platinum,  still  in  solution,  and  is 
next  treated  for  the  recovery  of  the  platinum.  The 
gold  powder  is  washed  first  with  dilute  hydrochloric 
acid  to  remove  iron  in  case  a  little  had  gone  down 
with  the  gold,  and  afterwards  with  water ;  it  is  then 
dried  and  melted  in  a  clay  crucible  with  one-tenth 
its  weight  of  bicarbonate  of  potash,  or  the  same 
weight  of  common  salt  may  be  employed,  when  a 
button  of  pure  gold  will  be  the  result.  Ferrous 
sulphate  does  not  precipitate  platinum  in  acid 
solutions. 

The  solution  from  which  the  gold  has  been  re- 
moved contains  the  platinum,  and  this  is  precipitated 
by  passing  hydrogen  sulphide  gas  (H2S)  through  it 
for  some  time,  and  allowing  to  stand  afterwards  for 
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the  platinum  to  settle.  Hydrogen  sulphide  may  be 
employed  for  this  solution,  either  in  the  gaseous 
state  as  nascent  hydrogen  sulphide,  or  in  solution 
as  hydrosulphuric  acid,  which  is  a  saturated  solution 
of  the  gas  in  water.  When  the  latter  is  employed 
it  is  advisable  to  add  a  further  small  quantity  of 
hydrochloric  acid  to  the  solution  containing  the 
platinum,  after  the  gold  has  been  removed,  for 
when  the  solutions  contain  a  free  mineral  acid  the 
platinum  is  precipitated  more  readily  from  its 
chloride  solutions  by  the  application  of  hydro- 
sulphuric  acid.  When  the  gas  is  employed  in  its 
nascent  state  this  addition  is  not  imperative. 
Figs.  15  and  27  represent  the  kind  of  apparatus 
required  for  making  hydrogen  sulphide  gas,  and 
it  is  as  well  to  keep  one  in  the  factory  in  case  it 
should  be  required,  the  cost  being  very  little. 

Hydrogen  sulphide  gas  (sulphuretted  hydrogen) 
does  not  precipitate  iron  or  zinc  in  acid  solutions, 
only  in  alkaline  solutions,  therefore  it  is  an  excellent 
precipitant  for  platinum  after  the  gold  has  been 
thrown  down  with  ferrous  sulphate. 

Hydrosulphuric  acid  added  to  a  solution  of 
platinic  chloride  will  produce  a  black  precipitate 
of  PtS,  which  is  a  sulphide  of  platinum.  The 
theory  is  that  double  decomposition  takes  place — 
the  hydrogen  sulphide  (H2S)  and  the  platinum 
bichloride  (PtCl4)  mutually  decompose  each  other. 
The  hydrogen  takes  the  chlorine  from  the  platinum, 
and  combining  with  it  forms  hydrochloric  acid 
(HCl),  while  the  sulphur  takes  the  platinum  with  it 
to  form  platinum  sulphide  (PtS),  which  falls  down 
in  an  insoluble  black  powder.  When  all  the 
platinum  has  been  separated  from  the  liquid,  which 
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is  ascertained  by  testing  in  the  usual  way  with  a 
few  drops  of  pure  tin  chloride,  which  produces  a 
red-brown  colouring  of  different  degrees  of  intensity, 
according  to  the  amount  of  platinum  found  in 
solution,  and  when  no  platinum  is  found  therein,  no 
such  distinguishing  features  in  the  alteration  of  the 
liquid  will  be  apparent.  Chloride  of  tin  does  not 
precipitate  platinum. 

The  platinum  thus  precipitated  has  the  water 
decanted  off,  washed  and  roasted  in  the  roasting 
furnace  (fig.  20)  to  drive  off  the  sulphur,  when  pure 
metallic  platinum  is  left  in  a  finely  divided  con- 
dition. This  is  one  method  by  which  alloys  of  gold 
and  platinum  only  may  be  separated  from  each 
other,  and  is  probably  the  best  and  most  suitable, 
although  there  are  other  methods  which  have  found 
much  favour  with  men  of  science.  To  some  of  these 
I  will  next  direct  attention.  The  undermentioned 
facts  should,  however,  be  known. 

Hydrogen-sulphide  gas,  when  dissolved  in  water, 
and  if  not  immediately  required  for  use,  must  be 
kept  in  a  closely-stopped  bottle  in  the  dark,  for  by 
exposure  to  air  and  light  it  becomes  decomposed, 
the  hydrogen  loses  its  hold  on  the  sulphur,  and  the 
latter,  as  a  consequence,  becomes  precipitated. 

Chloride  of  tin  cannot  be  employed  in  testing  for 
gold  in  mixed  gold  and  platinum  solutions,  on 
account  of  a  reddish  brown  colouring  being  given  to 
the  liquid  when  platinum  is  present,  and  this,  to 
the  operative  in  charge  of  the  work,  may  not  be 
sufficiently  distinguishing  to  determine  when  all 
the  gold  has  been  thrown  down,  as  this  testing , 
liquid  in  weak  aqua-regia  solutions,  containing  if 
only  a  few  atoms  of  gold,  will  also  give  to  them  a 
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browny  red  colour,  the  same  as  with  platinum ;  it 
is  safer,  therefore,  to  test  for  gold  with  a  clear 
white  solution  of  ferrous  sulphate.  Undecomposed 
nitric  acid  existing  in  the  solution  will  also  cause 
the  ferrous  sulphate  to  change  the  colour  to  a 
mahogany  tint,  and  it  is  then  necessary  to  add 
carbonate  of  soda  to  neutralise  the  nitric  acid. 

SEPARATING   PLATINUM   FROM   GOLD   BY   ANOTHER 
METHOD 

The  following  plan  may  be  adopted  for  the  separa- 
tion of  these  two  metals  when  alloyed  together. 
Dissolve,  after  reducing  the  scraps  to  small  particles, 
by  heating  for  some  time  in  the  mixture  of  aqua- 
regia  according  to  the  formula  before  mentioned, 
and  then,  after  diluting  the  solution  with  plenty  of 
water,  add  a  solution  of  oxalic  acid  (C2H2O4)  until 
all  effervescence  has  ceased  to  take  place,  then  add 
a  little  more  to  make  sure  that  all  the  gold  has 
been  thrown  down.  The  oxalic  acid  solution  thus 
prepared,  1  oz.  of  the  salt  to  5  ozs.  of  water,  will 
cause  all  the  gold  to  leave  the  liquid  and  fall  down 
as  a  dark  brown  metallic  powder,  but  the  precipita- 
tion is  not  brought  about  so  rapidly  with  oxalic 
acid  as  with  ferrous  sulphate  ;  it  acts  slowly  in  cold 
solutions,  but  if  they  could  be  warmed  the  pre- 
cipitation of  the  gold  is  brought  about  more 
quickly.  Oxalic  acid  precipitates  gold  to  the 
metallic  state  without  any  other  metal  that  may  be 
in  solution  going  down  with  it.  With  platinum 
therefore  in  the  same  solution  it  causes  no  pre- 
cipitate of  that  metal — the  gold  only  is  affected ; 
thus  all  other  metals  in  solution  are  left  un- 
disturbed. 
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The  chemical  reactions  which  take  place  in  the 
diluted  aqua-regia  solution  containing  gold  and 
platinum,  when  a  solution  of  oxalic  acid  (the 
crystallised  oxalic  acid  is  composed  of  C2H2O4)  is 
added,  may  be  thus  described.  The  hydrogen  of 
the  oxalic  acid  and  of  the  water  taking  the  chlorine 
from  the  gold  to  form  hydrochloric  acid,  the  gold 
being  therefore  liberated  from  its  solvent  falls  down 
in  spangles  of  metallic  gold,  while  at  the  same 
time  portions  of  the  oxygen  of  the  oxalic  acid  and 
of  the  water  unite  with  the  carbon  of  the  precipitant, 
converting  these  elements  into  carbonic  acid  gas 
(CO2),  which  rises  to  the  surface  as  the  action  pro- 
gresses and  escapes.  The  following  equation  will 
show  the  change  which  takes  place  : — 

2AUCJ3  (chloride  of  gold)  +  SCgHgO^  (oxalic  acid)  =  CCOg  (carbonic 
acid)  +  6HC1  (hydrochloric  acid)  +  2 Au  (metallic  gold). 

These  reactions  do  not  affect  the  platinum  in  the 
least,  which  still  remains  in  solution,  and  is  poured 
off  after  the  gold  has  all  gone  down.  Oxalic  acid  is 
an  excellent  precipitant  for  combined  platinum  and 
gold  solutions,  when  you  want  to  precipitate  the 
gold  independently  of  the  platinum,  as  in  assaying. 

The  gold  residue,  when  the  liquid  holding  the 
platinum  in  solution  is  decanted  away,  is  washed 
with  water  to  remove  any  soluble  matter,  dried, 
and  melted  in  a  clay  crucible,  with  one-tenth  its 
weight  of  bicarbonate  of  potash,  or  the  same  weight 
of  common  salt,  and  you  will  have  recovered  the 
gold  in  a  state  of  purity,  and  capable  of  being  re- 
worked when  alloyed  down  to  any  standard  most 
needed  for  your  requirements.  The  gold  washings 
should  be  added  to  the  liquid  holding  the  platinum 
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in  order  to  render  the  solution  more  dilute  and  only 
slightly  acid,  as  the  platinum  is  thrown  down  much 
more  completely  from  such  solutions  when  about  to 
be  precipitated  with  a  salt  of  ammonium. 

To  the  solution  containing  the  platinum,  add  a 
strong  solution  of  chloride  of  ammonia  (salam- 
moniac)  in  water — 1  oz.  of  chloride  of  ammonia  to 
5  ozs.  of  water — and  stir  the  solution  while  pouring 
in  the  ammonium  chloride.  Enough  of  this  sub- 
stance must  be  added  to  precipitate  the  whole  of 
the  platinum,  which  will  go  down  in  the  form  of  a 
dark  yellowish  precipitate  of  the  double  chloride 
of  platinum  and  ammonia  (Am2PtCl6)  not  wholly 
insoluble  in  water,  but  sufficiently  so  if  the  opera- 
tion is  conducted  with  care ;  and  if  the  washing  of 
the  residue  is  performed  with  methylated  spirits 
diluted  with  an  equal  quantity  of  water  the  sedi- 
mentary substance  remains  insoluble. 

To  ascertain  whether  all  the  platinum  has  been 
precipitated  add  a  few  drops  of  tin  chloride,  and  if 
this  does  not  change  the  colour  of  the  sample  you 
are  testing,  you  may  conclude  that  all  the  platinum 
has  been  precipitated,  and  then  may  proceed  to 
draw  off  the  liquid  above  the  precipitated  platinum. 
After  washing  the  powder  and  heating  it  gently  at 
first,  continue  the  operation  gradually  till  a  red  heat 
is  reached,  and  the  double  chloride  of  platinum  and 
ammonium  will  separate,  the  ammonium  chloride 
being  driven  off  in  vapour  with  the  liberation  of 
metallic  platinum  in  a  very  finely  divided  condi- 
tion. This  is  called  spongy  platinum,  and  is  in  the 
form  of  a  heavy  black  powder,  which  may  be  sold 
to  the  refiner,  or  employed  in  any  other  way,  such 
as  making  any  required  salt  of  the  metal,  or  for 
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alloying  purposes,  as  it  cannot  be  melted  in  a 
jeweller's  furnace  as  a  single  metal. 

The  above  is  a  better  way  of  separating  gold  and 
platinum  from  dilute  aqua-regia  solutions  than  that 
recommended  by  some  authorities,  of  first  precipi- 
tating the  platinum  by  means  of  salammoniac,  and 
afterwards  the  gold  with  ferrous  sulphate,  as  some 
of  the  gold  is  liable  to  be  precipitated  along  with 
the  platinum  by  this  method,  as  most  ammoniacal 
salts  precipitate  gold  from  dilute  acid  solutions 
when  the  neutral  point  is  reached. 

Another  method  of  separating  the  two  metals 
from  their  solution  in  aqua-regia  is  to  firstly  pre- 
cipitate the  platinum  by  means  of  "  chloride  of 
potassium,"  as  a  nearly  insoluble  double  salt  of 
platinum  and  potassium,  when  the  gold  is  subse- 
quently recovered  from  the  decanted  liquid  by 
precipitation  with  ''sulphate  of  iron"  into  the 
metallic  state. 

In  both  the  latter  methods  the  precipitated 
platinum  (after  the  liquid  containing  the  gold  has 
been  decanted  or  syphoned  off)  is  dried  and  gradu- 
ally heated  to  a  red-heat,  whereby  metallic  platinum 
is  left  behind  as  a  black  powder ;  this  is  sometimes 
treated  with  a  nearly  concentrated  solution  of 
sulphuric  acid  (for  which  mixture  see  special  formula 
before  mentioned)  in  order  to  dissolve  any  base 
metals  that  may  incidentally  be  present,  but  the 
operation  is  not  necessary  when  the  latter  metals 
are  known  to  be  absent.  The  platinum  being  then 
in  both  cases  absolutely  pure,  which,  after  washing 
and  drying,  may  be  sold  to  a  dealer  in  bullion. 

Platinum  ammonium  chloride  (Am2PtCl6)  and 
platinum  potassium  chloride  (K2PtCl6)  are  slightly 
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soluble  in  water,  therefore  washing  operations  will 
have  to  be  conducted  with  very  great  care  to 
prevent  loss  of  platinum ;  but  if  the  washing  is 
performed  by  means  of  a  weak  solution  of  alcohol 
the  platinum  in  both  cases  will  remain  insoluble, 
which,  on  roasting  to  drive  off  the  ammonium  and 
potassium  salts,  should  leave  no  residue  but  platinum 
in  the  metallic  state. 


CHAPTER  XXXV 

SEPARATING   PLATINUM   FROM    SILVER   IN  DENTAL 
ALLOY 

A  CONVENIENT  and  perfect  method  of  separating  the 
platinum  from  the  silver  when  the  latter  metal  is 
equal  to  or  in  excess  of  the  proportion  required  to 
form  the  parting  alloy  as  directed  by  the  "  assay ers' 
wet  process,"  and  when  gold  is  known  to  be  absent, 
is  the  following  : — Cut  the  scraps  into  small  pieces 
and  anneal  to  a  low  red-heat  so  as  to  destroy  all 
grease  or  other  organic  matter,  then  immerse  the 
scraps  in  the  dissolving  vessel,  which  may  consist  of 
a  glass  flask  or  glazed  earthenware  or  porcelain 
vessel  for  small  quantities  of  metal,  and  pour  over 
them  a  nearly  concentrated  solution  of  sulphuric 
acid,  and  bring  to  a  boiling  heat,  which  will  dissolve 
all  the  silver  without  affecting  the  platinum  in  the 
least.  Nitric  acid  will  likewise  dissolve  the  silver, 
but  more  or  less  of  the  platinum  along  with  it, 
which  would  then  be  lost,  unless  other  processes 
were  brought  into  requisition  for  its  recovery  after- 
wards. According  to  Dr  John  Percy,  the  eminent 
metallurgist,  "  an  alloy  of  platinum  and  silver,  con- 
taining only  5  per  cent,  of  platinum,  dissolves 
completely  in  nitric  acid,  but  if  the  platinum  much 

exceeds  that  proportion,  part  of  it  remains  undis- 
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solved,  but  in  concentrated  sulphuric  acid  only  the 
silver  dissolves."  It  has,  however,  since  been 
proved  that  absolutely  concentrated  sulphuric  acid 
dissolves  considerable  quantities  of  platinum  from 
platinum-silver  alloys,  but  by  using  slightly  diluted 
sulphuric  acid  the  platinum  can  be  extracted  with- 
out loss.  The  following  mixture  will  effect  this 
purpose  : — 

Sulphuric  acid 3|  ozs. 

Water f  oz. 

Platinum-silver 1     „ 

Apply  heat  to  the  solution  until  all  ebullition  of 
the  acid  ceases,  when  as  a  result  with  platinum- 
silver  alloys  the  residue  left  is  pure  platinum,  after 
the  parting  with  sulphuric  acid.  If  after  the  action 
of  the  acid  ceases  to  be  discernible,  and  it  is  feared 
some  of  the  silver  remains  undissolved,  pour  off  the 
liquid  and  add  fresh  acid  mixture  to  the  residue, 
expose  to  heat  again  until  all  the  silver  is  dissolved 
out,  then  pour  off  the  second  lot  of  acid  into  the 
first  (this  liquid  contains  the  silver),  the  residue 
remaining  in  the  dissolving  vessel  is  pure  metallic 
platinum  in  a  fine  state  of  division,  which  is  washed 
two  or  three  times  with  hot  water  to  remove  every 
trace  of  silver  sulphate,  and  the  washing  waters 
added  to  the  liquid  containing  the  silver  formerly 
in  the  alloy,  and  now  in  the  form  of  sulphate  of 
silver  (Ag2S04). 

The  separated  platinum,  after  washing,  has  only 
to  be  dried  to  reduce  it  to  a  commercial  condition 
for  sale  as  pure  platinum  or  for  its  employment  in 
the  industrial  crafts  wherein  its  requirements  are 
necessary  and  can  be  made  use  of  to  better  advan- 
tages without  sale  to  the  refiner. 
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The  silver  solution  is  diluted  with  water  to  three 
or  four  times  the  quantity,  and  the  silver  pre- 
cipitated therefrom  with  a  strong  solution  of 
common  salt  (l  of  salt  to  5  of  water),  which  should 
be  added  gradually,  in  small  quantities  at  a  time, 
until  all  the  silver  is  precipitated,  and  no  more 
clouding  is  formed  in  the  water  standing  above  the 
precipitated  silver,  after  the  latter  has  all  gone 
down.  The  water  above  the  silver  chloride  is  after- 
wards carefully  removed,  the  precipitated  silver 
dried,  and  reduced  to  the  metallic  state  by  melting 
with  about  half  its  weight  of  soda-ash  in  a  clay 
crucible. 

Platinum  and  silver  is  not  satisfactorily  parted 
from  the  wet  parting  alloy  with  nitric  acid  the  same 
as  with  gold  and  silver  parting,  because  some  of  the 
platinum  becomes  dissolved  along  with  the  silver, 
and  an  alloy  of  platinum  containing  twelve  times 
its  weight  of  silver  has  both  metals  completely 
dissolved  in  hot  dilute  nitric  acid.  With  the  sul- 
phuric acid  formula  I  have  given,  the  silver  will 
be  entirely  dissolved  out  without  affecting  the 
platinum.  When,  however,  the  platinum  exceeds 
-^ths  the  weight  of  the  whole  mass  no  proper 
solution  of  the  two  metals  takes  place,  and  the 
material  will  have  either  to  be  reduced  to  the 
parting  alloy  by  melting  with  some  more  silver  and 
granulating  by  pouring  the  melted  constituents 
into  water ;  or  by  dissolving  in  the  regular  aqua- 
regia  mixture  ;  but  the  latter  is  bad  practice  and  not 
to  be  recommended,  on  account  of  the  silver  being 
precipitated  into  silver  chloride  by  the  hydrochloric 
acid  in  the  mixture,  and  this  gives  a  strong  protect- 
ing coating  to  the  metal  to  be  dissolved,  on  which 
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surface,  when  deposited,  the  aqua-regia  ceases   to 
act  further. 

In  case  the  alloy  of  platinum  and  silver  is  such 
that  the  mixture  of  both  metals  may  be  dissolved 
in  hot  dilute  nitric  acid  without  any  preliminary 
preparation,  and  there  may  be  instances  in  which 
this  method  is  applicable,  particularly  when  the 
platinum  does  not  exceed  7  or  8  per  cent,  of  the 
whole  mass,  as  both  metals  are  then  reduced  to 
complete  solution.  The  platinum  is  then  separated 
from  the  silver,  after  the  whole  alloy  has  completely 
dissolved  and  the  solution  has  been  diluted  with 
twice  its  volume  of  water,  by  first  precipitating 
the  silver  with  weak  hydrochloric  acid,  sufiicient 
of  this  being  added  by  degrees  until  every  atom  of 
silver  has  been  "  thrown  down,"  which  is  ascertained 
by  the  usual  means  of  testing.  The  silver  is  thus 
precipitated  as  chloride,  and  the  liquid  above  it 
on  being  decanted  or  syphoned  off  will  contain  all 
the  platinum,  which  can  be  precipitated  out  of  it 
by  means  of  salammoniac  solution  of  the  strength 
before  stated.  The  platinum  precipitate  is  dried 
and  heated  to  eliminate  the  ammonia,  and  pure 
metallic  platinum  results. 


CHAPTER  XXXVI 

SEPARATING   PLATINUM   FROM   COPPER 

These  two  metals  may  be  alloyed  together  in 
variable  proportions,  but  the  application  of  platinum- 
copper  alloys  is  somewhat  limited.  An  alloy  of 
copper  and  platinum  containing  10  per  cent,  of  the 
latter  metal  has  nearly  the  colour  of  18-carat  gold, 
and  can  be  used  for  many  ornamental  purposes. 
It  can  be  drawn  into  fine  wire,  and  rolled  out  into 
very  thin  sheets.  The  separation  of  platinum  and 
copper  may  be  brought  about  by  dissolving  the 
alloy  (if  the  platinum  is  in  excess  of  the  parting 
mixture  of  alloys  on  which  nitric  acid  and  sulphuric 
acid  act)  in  aqua-regia  of  the  following  proportion 
of  constituents : — 

Hydrochloric  acid       .         .         .         .         .3  oss. 

Nitric  acid  .         .         .         .         .         .     1  oz. 

Platinum- copper  .         .         .         .         •     1  „ 

When   the  platinum-copper  alloy  has   gone  into 

solution,  dilute    the  liquid  with  twice   its   volume 

of   water,   and    precipitate    the   platinum    with    a 

sheet  of  copper  into  metallic  platinum.     The  copper 

remains  in  solution   and  is  not  precipitated  along 

with  the  platinum.     The  platinum  cannot,  however, 

be   precipitated   in   this   solution  by  other   metals 

like  zinc  and  iron  in  seeking  its  separation  from 
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the  copper,  because  the  latter  metal  would  be 
**  thrown  down "  along  with  the  platinum.  Any 
mixture  of  alloy  of  platinum  and  copper  may  be 
treated  direct  with  aqua-regia  by  following  these 
directions. 

Platinum  and  copper  may  also  be  separated  from 
each  other  when  only  these  two  metals  are  alloyed 
together,  by  acting  on  the  respective  alloys  as 
prepared  for  parting,  or  quartation  as  it  is  called, 
with  dilute  nitric  acid  or  sulphuric  acid,  which  will 
dissolve  only  the  copper.  The  liquid  holding  the 
copper  is  poured  off  the  platinum  powder,  and 
when  the  latter  is  washed  and  dried  pure  metallic 
platinum  is  obtained,  which  can  readily  be  weighed 
to  ascertain  the  success  of  the  operation. 

Hydrogen  sulphide  gas  cannot  be  employed  as 
a  first  application  to  precipitate  the  platinum  in 
a  mixed  copper  and  platinum  chloride  solution,  as 
both  ingredients  would  be  "  thrown  down "  as 
mixed  sulphides  of  the  respective  metals.  But  as 
an  alternative  method,  the  copper  may  first  be 
precipitated  by  a  solution  of  carbonate  of  soda — 1 
salt  to  5  of  water — as  copper  carbonate.  The  solu- 
tion of  carbonate  of  soda  has  no  action  on  the 
platinum.  Carbonate  of  potash,  however,  must  not 
be  used,  as  it  would  precipitate  both  the  copper 
and  platinum.  Thus  to  the  cold  aqua-regia  solution 
containing  the  platinum  and  copper,  after  diluting 
it  with  water,  add  the  solution  of  carbonate  of 
soda  until  no  more  effervescence  takes  place.  This 
will  precipitate  all  the  copper  which  may  be  present, 
leaving  the  platinum  in  solution.  Remove  the 
liquid  holding    the  platinum,  accidulate   it  with  a 

little    hydrochloric    acid,    and    add    a    solution    of 
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salammoniac,  stirring  the  while — this  will  precipitate 
the  platinum  as  the  double  platinic  ammonium 
chloride ;  wash  this,  after  very  carefully  pouring 
from  it  the  water,  with  weak  methylated  spirits 
to  avoid  the  dissolving  of  any  of  the  powder,  dry, 
and  calcine  to  a  low  red-heat  to  obtain  the  platinum 
in  the  metallic  condition. 

Solutions  of  platinum  chloride  are  precipitated 
by  ammonium  and  potassium  salts,  but  not  by 
sodium  salts — for  this  great  discovery  the  public 
is  indebted  to  Mr  Margraf,  the  German  chemist. 

Hydrogen  sulphide  gas  will  precipitate  the 
platinum  from  the  solution  from  which  the  copper 
has  been  removed  by  means  of  carbonate  of  soda, 
by  first  acidulating  the  solution  withdrawn  from 
the  copper  sediment  with  hydrochloric  acid  until 
blue  litmus  paper  is  just  changed  to  red,  and  passing 
the  hydrogen-sulphide  gas  into  it  for  some  time, 
and  then  allowing  the  solution  to  stand  for  the 
platinum  to  settle.  The  platinum  by  this  method 
is  precipitated  (thrown  down)  as  platinum  sulphide, 
which  is  washed,  and  roasted  in  the  drying  furnace 
(fig.  20)  to  drive  off  the  sulphur,  when  metallic 
platinum  is  left  in  a  finely  divided  condition. 

Aqua-regia  will  dissolve  all  platinum  and  copper 
alloys,  also  platinum  and  other  commercial  metals 
when  alloyed  together  in  all  proportions  as  mechanical 
niixtures,  nitric  acid  and  sulphuric  acid  only  when 
the  platinum  is  not  in  excess  of  ^ths  and  ^^^hs 
respectively,  of  the  whole  mass,  in  which  the  base 
metal  alone  is  dissolved. 


CHAPTER  XXXVII 

SEPARATING   PLATINUM   FROM   LEMEL   WITHOUT 
ANY    GOLD   IN   IT 

To  recover  the  platinum  from  filings,  or  "  lemel," 
as  they  are  commonly  called  in  the  jewellery  trades, 
from  all  descriptions  of  work  in  which  gold  forms 
no  direct  part,  either  in  the  mixture  of  alloy,  or  in 
the  solder  which  has  been  used  in  the  construction 
of  certain  miscellaneous  articles  for  utilitarian 
purposes  in  other  trades  as  well  as  those  of  the 
jeweller  and  silversmith,  and  wherein  it  is  the 
common  practice  to  dispose  of  the  "  lemel "  result- 
ing from  the  filing  up  of  the  work  to  the  refiner 
or  to  firms  who  deal  in  platinum,  and  from  whom 
the  metal  was  originally  purchased.  The  sacrifice 
in  the  cost  that  has  to  be  made  is  very  great  when 
this  method  of  dealing  with  waste  products  con- 
taining platinum  is  considerable,  and  to  know  how 
to  dissolve  out  of  the  "lemel"  any  silver,  copper, 
nickel,  brass,  zinc,  or  other  metal,  by  a  simple  and 
almost  costless  plan,  will  be  found  well  worthy 
of  the  jeweller's  consideration  in  saving  some  of 
the  cost. 

The  method  to   be  adopted  for  the  recovery  of 
platinum  from  filings  of  the  above   description    is 

one  of  a  simple  chemical  nature.     Filings,  or  lemel, 
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require  to  be  treated  separately  in  a  jeweller's 
workshop.  They  must  first  of  all  be  well  annealed 
to  destroy  grease  and  other  extraneous  matter. 
This  is  done  by  placing  a  portion  of  the  lemel  (if 
large  in  quantity)  in  an  iron  ladle  and  submitting 
it  to  the  heat  of  a  clear  fire,  continuing  the  heat 
with  a  little  stirring  of  the  contents  of  the  ladle 
until  the  whole  is  thoroughly  heated  in  all  parts. 
Repeat  this  operation  with  another  portion  until  all 
the  lemel  has  been  annealed ;  and  when  the  whole 
has  cooled,  remove  with  a  magnet  whatever  of  iron 
or  steel  filings  there  may  be  contained  therein ; 
then  immerse  the  filings  in  slightly  diluted  pure 
sulphuric  acid  as  follows : — 


Filings     . 

.     1  oz.    or  10  ozs. 

Sulphuric  acid 

.     5  ozs.   „  2|  pints. 

Water     . 

.     1  oz.     „     1  pint. 

Raise  the  acid  mixture  containing  the  filings  to 
a  boiling  heat,  and  continue  the  boiling  as  long  as 
effervescence  shows  itself.  After  the  ebullition  of 
the  acid  ceases,  and  the  liquid  is  allowed  a  period 
of  rest,  carefully  withdraw  the  liquid  from  the 
residue  and  pour  fresh  acid  mixture  over  the  lemel 
residue  remaining,  heat  again  until  no  visible  action 
is  perceived  on  the  lemel,  then  pour  off  the  second 
lot  of  acid  into  the  first,  and  wash  the  powder 
remaining,  which  is  pure  platinum,  two  or  three 
times  with  warm  water,  and  add  the  rinsings  to  the 
sulphuric  acid  pickle  to  that  before  withdrawn,  which 
contains  the  silver  and  all  other  base  metals  which 
may  have  been  in  alloy  with  the  platinum.  It  is 
advisable  to  have  sufficient  sulphuric  acid  mixture, 
not  only  to  dissolve  the  base  metals,  but  also  hold 
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them  in  solution  when  completely  dissolved.  Boil- 
ing nearly  concentrated  sulphuric  acid  will  dissolve 
the  silver  and  the  other  base  metals  from  all  alloys 
poor  in  platinum  —  such  as  watch-arbor  alloy, 
Cooper's  pen  alloy,  dentists'  mixtures,  and  the  alloy 
called  "Mystery  Gold,"  and  numerous  other  fancy 
mixtures,  without  touching  the  platinum. 

The  platinum  recovered  from  "  lemel "  of  this 
kind,  after  treatment  with  oil  of  vitriol  and 
washing,  has  only  to  be  heated  to  expel  all  mois- 
ture, and  it  is  then  ready  for  sale  as  pure  metallic 
platinum. 

The  acid  liquid  which  has  been  used  in  separating 
the  platinum,  and  to  which  has  been  added  the 
platinum  rinsings,  is  diluted  with  twice  its  volume 
of  water,  and  the  silver  precipitated  therefrom  by 
a  strong  solution  of  common  salt,  which  is  added 
gradually,  until  no  further  precipitation  takes  place, 
and  the  salt  solution  has  no  action  on  the  liquid 
above,  after  allowing  time  for  the  silver  to  settle, 
which  is  easily  determined  when  all  clouding  or 
turbidness  ceases  on  a  further  addition  of  the  salt 
solution.  The  precipitation  of  the  silver  is  then 
complete.  Hydrochloric  acid  may  be  employed  to 
precipitate  the  silver  in  place  of  the  common  salt 
solution,  if  preferred,  as  both  substances  bring  about 
the  same  result. 

The  water  above  the  chloride  of  silver  powder 
still  contains  the  other  base  metals  which  may  have 
been  in  alloy  with  the  platinum,  and  after  being 
carefully  decanted  off  the  chloride  of  silver,  may  be 
thrown  away,  as  it  is  never  worth  while  attempting 
their  recovery. 

The  precipitated  silver  is  well  washed  with  either 
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warm  or  cold  water,  dried,  and  melted  in  a  clay 
crucible  with,  as  flux,  about  half  its  weight  of  soda- 
ash  in  fine  powder,  the  two  being  intimately  mixed 
together,  and  you  will  have  pure  metallic  silver ;  or 
the  chloride  of  silver  may  be  reduced  to  the  metallic 
state,  after  it  has  been  washed,  but  still  wet,  by 
mixing  with  it  scraps  of  zinc  and  a  small  quantity 
of  dilute  oil  of  vitriol  or  spirits  of  salts,  and  stirring 
them  about  occasionally  so  as  to  come  in  contact 
with  all  the  silver  chloride,  and  thus  convert  it  into 
a  metallic  powder  ;  this  is  washed,  dried,  and  melted, 
with  one-tenth  its  weight  of  soda-ash,  prepared  as 
before  in  a  fireclay  crucible,  and  the  result  will  be 
a  button  of  pure  metallic  silver.  This  process  of 
recovering  platinum  from  such  of  its  mixtures  of 
alloy  can  only  be  successful,  it  must  be  thoroughly 
understood,  when  no  gold  is  present  to  form  a  part 
of  their  composition,  for  when  the  latter  metal 
is  present  it  remains  undissolved  along  with  the 
platinum,  and  a  difi"erent  process  will  be  necessary 
to  recover  the  gold,  silver,  and  platinum  as  three 
separate  metals. 

The  filings  being  in  small  particles  give  plenty 
of  surface  for  the  acid  to  act  upon  them,  and  a 
richer  alloy  may  be  treated  by  the  sulphuric  acid 
process  with  more  success  than  would  be  possible  if 
the  metal  existed  in  large  pieces,  as  the  action  of 
the  acid  receives  more  obstruction  to  its  attack  when 
in  that  condition,  and  the  alloy  then  ought  not  to 
contain  much  more  than  20  per  cent,  of  platinum 
or  Y^ths  of  the  whole  mass  of  scraps  that  are  going 
to  be  treated  by  the  sulphuric  acid  process,  to 
satisfactorily  remove  all  the  silver,  copper,  and 
other  metals  from  the  platinum,  which  latter  will 
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remain  in  the  form  of  a  metallic  powder  at  the 
bottom  of  the  dissolving  vessel,  all  the  other  metals 
being  in  solution  when  the  operation  is  completed, 
as  liquid  sulphates  of  the  contaminating  metals, 
which  may  be  poured  off  and  thrown  away. 


CHAPTER  XXXVIII 

SEPARATING   PLATINUM   FROM   LEMEL   CONTAINING 
BOTH   GOLD   AND   SILVER 

Platinum  filings  mixed  with  both  gold  and  silver 
filings  will  have  to  be  separated  by  the  usual  wet 
method ;  there  is  no  other  way,  as  no  satisfactory 
dry  method  is  known.  You  will  have,  therefore, 
to  dissolve  the  whole  of  the  filings  in  aqua-regia 
(3  parts  muriatic  acid  and  1  part  nitric  acid),  and 
dilute  the  liquid  with  water  until  the  excess  of  acid 
is  weakened — about  2  pints  of  water  to  each  4  ozs. 
of  acid  mixture.  The  silver  will  then  all  settle  to 
the  bottom  of  the  vessel  in  the  form  of  silver  chloride, 
an  insoluble  flocculent  white  powder.  The  solution 
standing  above  this  contains  the  gold  and  platinum, 
and  is  drawn  off.  To  this  liquid  a  strong  solution 
of  ferrous  sulphate  (copperas)  must  be  added  as  long 
as  any  precipitate  forms.  The  copperas  precipitates 
the  gold  in  the  form  of  fine  scales,  which  is  pure 
metallic  gold,  and  after  the  solution  above  has  been 
removed  (this  will  contain  the  platinum),  is  washed 
with  water  several  times,  dried,  and  melted  in  a  fire- 
clay crucible  with  10  per  cent,  of  either  common 
salt  or  bicarbonate  of  potash  into  a  button  of  fine 
gold.  Oxalic  acid  may  be  used  to  precipitate  the 
gold  instead  of  iron  sulphate,  but  it  takes  a  longer 
time,  in  a  cold  solution,  to  precipitate  the  whole  of 

the  gold  than  the  iron  sulphate—  both,  however,  are 
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easily  used,  and  bring  about  the  necessary  result 
without  throwing  down  the  platinum. 

The  solution  from  which  the  gold  has  been 
separated  still  contains  the  platinum,  and  this  is 
thrown  down  by  passing  hydrogen-sulphide  gas 
into  it  for  some  time,  and  then  allowing  to  rest, 
when  the  platinum  will  separate  out  of  the  liquid 
in  the  form  of  sulphide  of  platinum,  a  black  powder, 
which  is  washed  to  remove  extraneous  matter, 
dried,  and  roasted  at  a  red-heat  for  some  time  to 
volatilise  all  the  sulphur,  when  metallic  platinum 
remains  in  a  finely  divided  and  pure  condition. 
Chloride  of  ammonium  (salammoniac)  may  be  used 
to  precipitate  the  platinum  from  the  liquid  removed 
from  the  gold  sediment  instead  of  passing  hydrogen 
sulphide  gas  into  it,  the  precipitant  used  being 
merely  a  matter  of  choice  or  convenience  of  indi- 
viduals experienced  in  the  extraction  of  precious 
metals  from  their  waste  liquid  residues.  When 
salammoniac  is  used  to  precipitate  the  platinum  a 
sediment  is  produced  in  the  form  of  ammonia 
chloride  of  platinum,  a  combination  of  the  two 
chlorides — ammonium  and  platinum.  This  sedi- 
ment or  precipitate  is  washed  with  cold  water,  or 
with  a  weak  solution  of  methylated  spirits  to 
prevent  the  dissolving  of  any  of  the  platinum  pre- 
cipitate, then  dried,  and  roasted  for  some  time  at 
not  too  fierce  a  heat.  This  will  drive  oflf  the 
chlorine  and  the  salammoniac  in  union  with  it, 
leaving  behind  a  dark  porous-looking  mass.  When 
cold,  this  is  pulverised  to  fine  powder  to  render  it 
perfectly  uniform,  washed  to  remove  foreign  sub- 
stances, again  dried,  and  the  result  is  pure  platinum 
in  a  form  commonly  known  as  spongy  platinum. 


CHAPTER  XXXIX 

SEPARATING    PLATINUM    FROM    GOLD,    SILVER,   COPPER, 
NICKEL,  AND   OTHER    METALS 

Platinum  is  used  in  the  manufacture  of  jewellery 
and  other  kindred  wares  in  various  ways,  and  will 
probably  be  used  still  more  as  more  uses  are  found 
for  it,  and  a  better  economised  method  is  under- 
stood of  dealing  with  its  separation  from  gold, 
silver,  and  other  base  metals  with  which  it  is  often 
alloyed.  Then  there  are  filings,  scrap  metal,  and 
other  forms  of  wastes,  which  result  from  its  many 
and  varied  manipulations  which  have  to  be  em- 
ployed in  the  manufacture  of  commercial  wares, 
and  a  considerable  portion  of  this  waste  material 
accumulates  from  manufacturing  jewellery,  and  is 
usually  sent  in  its  different  forms  to  the  refiner. 
I  have  already  treated  of  the  separation  of  platinum 
from  several  individual  metals  in  mechanical  union, 
or  loosely  mixed  with  it,  and  pointed  out  the  best 
means  for  its  recovery  in  the  elementary  state,  as 
applicable  to  manufacturing  establishments  engaged 
in  working  considerable  quantities  of  this  metal,  so 
that  a  saving  of  some  of  the  loss  which  is  often 
discovered  upon  figuring  out  the  financial  results 
of  certain  transactions,  as  there  are  many  difficulties 

to  encounter,  and   the   inexperienced  and  unwary 
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may  easily  fall  into  one  or  other  of  tliem  unless 
well  acquainted  with  the  various  steps  that  ought 
to  be  taken  to  recover  the  platinum  from  every 
description  of  waste  material,  for,  unless  this  is 
known,  only  a  portion  of  the  platinum  in  some 
mixed  residues  may  be  recovered,  and  paid  for  on 
selling  to  the  refiner.  The  method  I  am  now  about 
to  describe  is 'not  a  difficult  one,  especially  to  any- 
body accustomed  to  preparing  chemical  solutions 
for  the  workshop,  such  as  colouring  mixtures, 
gilding  solutions,  and  other  kinds  of  acid  solutions. 
Such  a  person  ought  to  perform  the  necessary 
operations  with  sufficient  exactitude  to  accomplish 
most  satisfactory  results  for  those  engaged  in  the 
manufacture  of  articles  in  which  platinum  now 
forms  so  expensive  a  part. 

In  separating  substances  in  which  gold  and 
platinum  form  the  principal  portion  of  the  material, 
the  other  metals  being  present  as  the  base  alloy, 
there  is  also  the  solder,  which  may  be  gold,  to  be 
considered,  and  the  first  operation  in  dealing  with 
such  products  is  melting  the  gold  and  platinum 
with  a  quantity  of  silver  to  form  the  "  parting 
alloy,"  so  that  parting  of  the  metals  can  take  place 
in  an  acid  mixture.  It  is  necessary  that  when 
platinum,  gold,  and  silver  are  intimately  mixed 
together  as  in  an  alloy,  that  the  silver  should  be 
present  in  the  proportion  of  at  least  three  or  more 
parts  to  one  part  of  the  platinum  and  gold  com- 
bined, otherwise  the  particles  will  be  so  enveloped 
and  protected  by  the  gold  and  platinum,  that  the 
sulphuric  acid  mixture  used  for  the  parting  will  be 
prevented  from  exercising  its  solvent  action  upon 
them  in  a  sufficient  manner  as  to  dissolve  out  all 
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the  other  metals,  and  care  should  be  taken,  there- 
fore, to  see  that  the  requisite  proportion  of  silver 
is  present  before  subjecting  the  material  to  the 
action  of  the  parting  acid. 

The  plan  to  be  adopted  in  the  preparation  of  the 
"  parting  alloy "  is  first  to  melt  the  platinum  and 
gold  material  with  a  sufficient  portion  of  fine  silver 
so  that  the  parting  may  readily  be  effected.  Take 
the  following  when  the  amount  of  the  precious 
metals  contained  in  the  scraps  to  be  dealt  with  are 
not  approximately  known. 

Platinum  and  gold  material      .         .         .         1  oz. 
Fine  silver 3  ozs. 

Melt  the  whole  together  in  a  plumbago  crucible, 
and  when  completely  melted  and  mixed  together 
by  gentle  stirring,  pour  from  some  height  into  a 
deep  vessel  nearly  filled  with  cold  water,  which 
should  be  stirred  in  a  circular  direction  during  the 
operation,  in  order  to  granulate  or  cause  the  metal 
to  take  the  form  of  small  irregular  particles,  in 
which  condition  the  metal  is  more  effectively  acted 
upon  by  the  parting  acid.  Another  method  is  to 
pour  the  metal  into  a  hot  mould,  and  then  roll 
down  into  sheet  as  thin  as  possible ;  cut  this  into 
small  strip  pieces,  and  coil  into  spirals.  This  is  to 
allow  the  parting  to  be  done  more  easily,  by  pre- 
venting them  from  lying  flat  one  upon  another 
in  the  dissolving  vessel. 

The  Parting  Mixture 

The  parting  should  not  be  done  with  nitric  acid 
in  the  same  manner  as  gold  and  silver  parting  is 
done,  as  some  of  the  platinum  is  likely  to  be  dis- 
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solved  along  with  the  silver.  This  is  one  of  the 
difficulties  that  presents  itself  in  dealing  with 
substances  containing  platinum  when  alloyed  with 
silver.  Aqua-regia,  likewise,  is  unsatisfactory  for 
the  first  operation.  It  is  necessary,  then,  to  use 
slightly  diluted  pure  sulphuric  acid  for  the  parting, 
which  does  not  act  upon  either  gold  or  platinum 
when  alloyed  with  silver  in  any  proportion,  but  the 
acid  must  be  chemically  pure,  as  the  presence  of 
hydrochloric  acid,  chlorine,  or  other  impurities 
,  would  cause  both  the  gold  and  platinum  to  be 
attacked.  Put  the  material  prepared  for  parting  in 
a  porcelain  vessel  if  the  quantity  is  small,  and  if 
large  in  quantity  a  cast-iron  pot  or  kettle  can  be 
used.  For  every  ounce  of  the  waste  that  has  to  be 
treated,  take  about  6  ozs.  of  the  sulphuric  acid 
mixture,  as  follows  : — 

Platinum  and  gold  material        .         .         .         .     1  oz. 

Pure  sulphuric  acid  ......     5  ozs. 

Water       .         .         .         .         .         .         .         .     1  oz. 

Pour  this  on  to  the  metallic  waste  substance  in  the 
dissolving  vessel,  and  heat  hot  on  any  suitable 
heating  appliance  until  all  action  of  the  acid  ceases ; 
this  takes  some  time — several  hours  in  fact — to 
dissolve  out  all  the  baser  metals  from  the  gold  and 
platinum.  This  leaves  the  gold  and  platinum  in 
fine  metallic  powders  at  the  bottom  of  the  vessel, 
the  silver  and  all  other  metals  being  solution ;  and 
a  sufficiency  of  the  acid  mixture  must  be  taken  to 
hold  these  metals  in  solution  in  the  form  of  sul- 
phates. Allow  the  acid  to  cool,  and  pour  off  from 
the  gold  and  platinum  into  cold  water,  and  let  the 
water  be  eight  times  the  volume  of  the  acid  which 
is  being  poured  into  it.     It  is  advisable  to  boil  the 
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gold  and  platinum  in  a  second  lot  of  acid  to  make 
sure  that  all  the  base  metals  have  been  removed 
therefrom.  When  all  the  acid  has  been  poured 
into  the  necessary  quantity  of  water,  wash  the  gold 
and  platinum  residue  remaining  in  the  dissolving 
vessel  with  water  several  times  to  remove  soluble 
sulphates,  and  pour  the  washings  into  the  water 
containing  the  previously  poured-off  acid. 

Dissolving  the  Platinum  and  Gold 

These  two  metals  can  only  be  dissolved  with 
aqua-regia,  which  is  a  mixture  of  nitric  acid  and 
hydrochloric  acid,  and  both  acids  must  be  quite 
pure  and  of  the  highest  strength,  or  they  will  not 
react  with  one  another  with  sufficient  force  to  dis- 
solve gold  and  platinum.  Aqua-regia  is  the  Latin 
name  for  "Royal  Water"  or  "King  of  Waters,"  so 
called  because  it  was  the  only  mixture  known  to 
the  old  alchemists  which  would  dissolve  gold,  and 
the  name  is  still  retained  at  the  present  time.  The 
reason  for  its  solvent  action  on  gold  and  platinum 
is,  that  when  the  two  acids  are  mixed  together 
chlorine  gas  is  set  free  from  the  hydrochloric  acid, 
whilst  its  hydrogen  takes  the  oxygen  from  the 
nitric  acid  to  form  water  on  being  heated,  and  as  a 
result  of  the  great  affinity  chlorine  gas  has  to 
combine  with  water,  diluted  chlorine  is  formed,  and 
this  possesses  the  power  to  dissolve  both  platinum 
and  gold  whilst  it  is  forming ;  thus  by  the  decom- 
position of  the  constituents  of  the  two  acids  a  ready 
solvent  is  formed  for  dissolving  these  metals.  The 
two  acids  should  not  be  mixed  until  the  aqua-regia 
is  needed,  for  if  they  were  mixed  beforehand  the 
reactions  would  go  on  until  all  the  nascent  chlorine 
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gas  was  expelled  in  vapour,  and  the  liquid  would 
then  have  no  dissolving  powers  for  gold  or  for 
platinum. 

It  usually  requires  about  four  fluid  ounces  of 
aqiia-regia  to  dissolve  one  ounce  of  gold,  and  a 
little  more  to  dissolve  one  ounce  of  platinum.  If, 
however,  much  evaporation  takes  place  while  the 
dissolving  is  going  on,  more  may  be  required  to 
effect  complete  solution.  The  two  following  mix- 
tures of  aqua-regia  will  be  found  to  give  excellent 
results,  in  proportion  as  the  gold  or  platinum 
predominates : — 

Formula  No.  1 

Hydrochloric  acid    .         .         .         .         .         .3    ozs. 

Nitric  acid       .         .         .         .         .         .         .     1    oz. 

Gold  and  platinum  material      .         .         .         .     1      „ 

Formula  No.  2 

Hydrochloric  acid    .         .         .         .         .         .     4|  ozs. 

Nitric  acid       .         .         .         .         .         .         .     1^    „ 

Platinum  and  gold  material      .         .         .         .     1    oz. 

Dissolve  the  metal  in  a  porcelain  dish  placed  on 
a  sandbath  or  other  suitable  heating  apparatus,  and 
continue  the  heat  until  all  the  metal  is  completely 
dissolved.  It  will  be  advisable  to  use  no  more  acid 
than  is  actually  necessary,  so  that,  when  the  gold 
and  platinum  are  formed  into  liquid  chlorides,  there 
remains  very  little  free  nitric  acid  in  the  liquid  to 
react  on  the  ferrous  sulphate,  the  precipitant 
employed  at  a  later  stage  to  "throw  down"  the 
gold.  In  a  three  to  one  mixture  the  hydrochloric 
acid  is  much  stronger  than  the  nitric  acid,  and  its 
strong  properties  are  a  distinct  advantage  in  driving 
off  the  nitric  acid  during  the  solution  of  the  platinum 
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and  gold  material,  as  this  acid  is  objectionable  in 
the  free  state,  and  would  cause  the  solution,  when 
the  copperas  is  added,  to  change  into  a  mahogany 
colour,  and  this  tinge  remains  after  the  gold  has  all 
gone  down  out  of  the  liquid,  making  it  difficult  to 
test  for  gold. 

Ferrous  sulphate  or  copperas  causes  no  effer- 
vescence or  frothing  to  be  evolved  in  cold  solutions 
of  aqua-regia  containing  gold  and  platinum,  but 
unless  the  nitric  acid  is  neutralised,  a  reddish  tinge 
is  given  to  the  liquid  on  the  addition  of  ferrous 
sulphate,  but  this  is  overcome  by  dissolving  a  little 
carbonate  of  soda  in  the  water  into  which  the  aqua- 
regia  is  poured  after  the  two  metals  have  become 
completely  dissolved  therein. 

Recovering  the  Gold 

After  the  gold  and  platinum  is  all  dissolved,  allow 
to  cool,  then  add  2  pints  of  water,  in  which  about 
1  oz.  of  carbonate  of  soda  is  dissolved,  for  each  ounce 
of  metal  there  is  in  the  liquid ;  after  solution  has 
taken  place,  allow  to  rest  for  a  time,  and  if  a 
sediment  forms,  the  clear  solution  on  top  must  be 
decanted,  or  carefully  syphoned  off,  as  there  may  be 
a  slight  amount  of  silver  left  from  the  sulphuric 
acid  operation  of  removing  all  the  baser  elements  of 
alloy  from  the  gold  and  platinum,  and  this  must  be 
separated  from  the  two  superior  metals.  Carbonate 
of  soda  does  not  precipitate  gold,  nor  platinum,  but 
it  will  silver  and  all  other  metals.  Its  object  in 
the  process  I  am  describing  is  to  completely 
neutralise  the  nitric  acid,  so  as  to  prevent  the 
copperas  mixture  from  turning  the  solution  into 
a   lasting   ruddy  colour  on  being   mixed   with   it. 
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Undecomposed  nitric  acid  in  a  solution  of  gold,  if 
precipitated  by  copperas,  turns  the  colour  of  the 
liquid  a  browny  red.  When  the  aqua-regia  con- 
taining the  gold  and  platinum  has  been  diluted 
with  the  above  quantity  of  water,  add  a  quantity  of 
ferrous  sulphate  dissolved  in  hot  water,  to  precipitate 
the  gold  alone,  and  by  these  means  the  gold  will  all 
be  thrown  down  in  the  metallic  state,  and  in  a  very 
finely  divided,  but  pure  condition. 

For  every  ounce  of  gold  there  is  computed  to  be 
in  the  liquid,  add  5  ozs.  of  copperas  dissolved  in  ij 
pints  of  hot  water,  and  this  will  be  found  sufficient 
to  throw  down  the  above  amount  of  gold  completely, 
without  any  action  on,  or  interference  with,  the 
platinum,  which  will  remain  undisturbed  in  the 
liquid  above  the  precipitated  gold. 

The  solution  containing  the  platinum  is  carefully 
withdrawn  from  the  gold  (after  being  tested  in  a 
test  tube  with  a  few  drops  of  pure  sulphate  of  iron), 
when  the ,  gold  may  be  dried,  and  melted  in  a  fire- 
clay crucible  with  1  oz.  of  bicarbonate  of  potassium, 
or  the  same  weight  of  common  salt,  to  every  10  ozs. 
of  the  metallic  gold  powder,  when  a  solid  button  of 
fine  gold  will  be  obtained. 

Eecovering  the  Platinum 

To  the  solution  containing  the   platinum   add  a 

strong  solution  of  chloride  of  ammonia  (salammoniac) 

prepared   as    before    directed,   to    precipitate    the 

platinum.    Add  sufficient  of  this  liquid  to  precipitate 

the  whole  of   the  platinum  as  ammonium  platinic 

chloride.     Salammoniac  throws  down  a  dark  yellow 

crystalline  powder  not  absolutely  insoluble  in  water, 

and  I  should  suggest,  after  pouring  off  the  liquid 

21 
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standing  above  it,  to  heat  the  mass  in  a  good-sized 
clay  crucible  (after  it  has  been  gently  dried)  to  a 
red  heat  to  decompose  the  ammonia  and  yield 
metallic  platinum,  and  so  avoid  the  previous  wash- 
ing operation,  as  some  of  the  platinum  may  be  lost 
by  unscientific  washing  beforehand.  Allow  the 
solution  containing  the  platinum,  after  the  sal- 
ammoniac  has  been  added,  to  stand  at  rest  for  some 
time  for  the  platinum  to  leave  the  liquid,  then  add 
a  little  more  of  the  salammoniac  solution,  and  test 
with  chloride  of  tin  to  ascertain  whether  the 
platinum  has  all  been  removed  from  the  liquid ; 
allow  to  rest  again  unmolested  for  several  hours. 
The  ammonium  platinic  chloride  thus  obtained  has 
the  water  poured  or  syphoned  off,  dried,  and  grad- 
ually heated  to  a  red  heat.  The  ammonium  chloride 
in  the  powdery  mass  is  thus  driven  ofi"  by  the  heat, 
and  finely  divided  metallic  platinum  is  obtained  as 
the  residue.  This  is  in  the  form  of  a  black,  heavy 
powder,  and  is  called  by  the  chemist  spongy 
platinum. 

The  spongy  platinum  is  then  rubbed  into  a  fine 
powder  between  the  fingers  to  break  up  any 
particles  that  may  have  aggregated  into  lumps, 
strict  cleanliness  being  observed  in  the  process  in 
order  to  prevent  the  introduction  of  any  greasy 
matter  into  the  powder ;  and  to  ensure  absolute 
cleanliness,  it  is  advisable  to  finally  wash  the 
platinum  powder  repeatedly  in  very  hot  water, 
allowing  it  to  settle  each  time  thoroughly  prior  to 
each  pouring  away  of  the  water.  The  metallic 
platinum  has  then  only  to  be  carefully  dried  to 
complete  the  result  of  obtaining  the  metal  in  a 
perfectly  pure  state. 
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The  platinum  may  be  precipitated  from  large 
solutions  by  suspending  clean  strips  or  sheets  of 
wrought  iron  in  the  solutions  from  which  the  gold 
has  been  precipitated  with  sulphate  of  iron,  but  the 
solutions  must  be  rendered  acid  to  blue  litmus  paper, 
if  not  already  so,  by  adding  hydrochloric  acid  to 
cause  that  effect.  Copper  is  not  so  satisfactory  in 
liquid  containing  a  salt  of  iron,  and  zinc  must  not 
be  employed,  as  it  would  cause  the  precipitation  of 
all  the  iron  present  in  the  liquid  condition  in  the 
solution,  its  existence  resulting  from  having  used  it 
in  the  form  of  sulphate  of  that  metal  in  precipitat- 
ing the  gold.  The  iron  sheets,  while  they  slowly 
precipitate  the  platinum  to  the  metallic  state,  leave 
the  soluble  iron  in  solution  undisturbed.  After  the 
water  is  decanted  off  the  metallic  platinum  powder 
(it  is,  however,  advisable  when  this  method  is 
adopted,  to  treat  the  powder  to  a  boiling  solution  of 
nearly  concentrated  pure  sulphuric  acid  in  order  to 
dissolve  any  iron  that  may  incidentally  be  present 
through  inexperience  in  performing  the  operation) 
the  resulting  powder  is  then  washed  with  water 
several  times,  and  afterwards  carefully  dried,  when 
the  residue  remaining  will  be  pure  platinum. 

Recovering  the  Silver 

The  silver  is  contained  in  the  water  into  which  the 
sulphuric  acid  is  poured  from  the  first  operation  in 
the  form  of  sulphate  of  silver.  From  this  solution 
the  silver  is  precipitated  with  strips  of  sheet  copper 
in  a  finely-divided  condition  of  metallic  silver. 
After  the  water  standing  above  the  sediment  is 
decanted  or  syphoned  off,  the  silver  is  washed, 
dried,  and  melted  into  a  button  of  fine  silver  in  a 
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fireclay  crucible,  with  1  oz.  of  bicarbonate  of 
potash,  to  act  as  a  flux  to  each  10  ozs.  of  the 
metallic  silver  powder.  The  liquid  withdrawn  from 
the  silver  will  contain  all  the  base  metals  in  the 
form  of  sulphates  of  the  respective  metals,  should 
they  be  copper,  nickel,  zinc,  cadmium,  or  other 
common  metals  that  may  have  been  present  in  the 
original  material,  and  can  be  thrown  away  with  the 
liquid,  as  they  are  of  no  special  value  to  the  manu- 
facturing jeweller  in  that  condition,  as  the  pro- 
portions are  not  likely  to  be  large.  All  the  solutions 
must  be  slightly  acid — that  is  to  say,  they  must  be 
capable  of  turning  blue  litmus  paper  red,  or  the 
results  will  not  be  so  satisfactory. 

The  silver  may  be  more  quickly  obtained  from 
this  solution  in  the  form  of  silver  chloride,  by 
adding  to  it  spirits  of  salts  or  a  solution  of  common 
salt,  and  may  thus  be  separated  from  all  other 
metals  likely  to  be  found  in  a  platinum  and  gold 
alloy,  as  they  do  not  form  insoluble  chlorides  with 
either  muriatic  acid  or  common  salt.  The  manu- 
facturer, however,  usually  requires  his  silver  in  the 
metallic  state,  and  to  obtain  it  in  this  condition 
from  the  chloride,  there  are  two  methods  in  use  for 
accomplishing  it. 

Method  No.  1. — By  first  drying  the  chloride  of 
silver,  and  then  melting  it  in  a  fireclay  crucible 
with  about  half  its  weight  of  soda-ash,  which  is 
simply  dry  carbonate  of  soda.  Some  furnace 
operators  use  bicarbonate  of  soda,  but  this  is  not 
so  good  a  flux,  as  it  contains  much  less  soda.  The 
chloride  of  silver  need  not  be  washed  when  pre- 
cipitated by  common  salt,  as  a  little  salt  in  the 
residue  will  do  no  harm,  for  when  chloride  of  silver 
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is  melted  with  carbonate  of  soda,  the  chlorine  in 
the  silver  material  unites  with  the  soda  and  forms 
common  salt,  while  the  carbon  of  the  carbonate, 
upon  the  action  of  the  heat  necessary  to  melt  the 
silver,  unites  with  the  oxygen,  as  it  is  given  off 
the  fusing  mass  in  the  crucible,  forming  carbonic 
acid  and  oxygen  gases,  both  of  which  escape  into 
the  flue  of  the  furnace,  and  metallic  silver  results, 
which  settles  to  the  bottom  of  the  crucible  in  the 
form  of  a  button.  A  good-sized  crucible  is  required 
to  be  used  in  melting  chloride  of  silver,  to  avoid  the 
boiling  over  of  its  contents.  In  some  establish- 
ments more  flux  is  used  than  the  proportion  1  have 
stated,  but  it  is  advisable  to  use  no  more  than  is 
actually  necessary,  as  a  still  larger  crucible  would 
be  required ;  all  that  is  wanted  is  sufficient  to 
reduce  the  slag  that  is  formed  to  a  liquid  condition, 
so  that  the  tiny  globules  of  silver,  as  they  become 
melted,  may  collect  together  and  fall  through  the 
slag  to  the  bottom  of  the  crucible,  and  there  form 
into  a  solid  mass  of  silver.  If  the  chloride  of  silver 
is  well  dried,  and  well  mixed  with  the  dry  soda-ash 
before  putting  into  the  melting  pot,  and  the  latter 
being  of  sufficient  size  to  allow  of  the  escape  of 
carbonic  acid  gas  as  it  arises,  little  difficulty  will  be 
found  in  the  melting.  The  mass  should  be  stirred 
from  time  to  time  with  an  iron  rod,  from  partial 
fusion  till  the  end  of  the  operation,  and  when  there 
is  no  more  escape  of  gas,  and  the  whole  is  in  quiet 
fusion,  the  crucible  is  withdrawn  from  the  furnace, 
allowed  to  cool  till  the  silver  has  thoroughly  set, 
when  it  may  be  broken,  and  the  silver  button  easily 
separated  from  the  slag  or  flux. 

Method    No.    2. — By    reducing    the    chloride    of 
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silver  to  the  metallic  state  by  means  of  zinc  or 
iron  scraps  in  a  dilute  oil  of  vitriol  solution,  after 
which  the  finely  divided  silver  powder  is  melted 
down  by  means  of  a  flux  in  a  fireclay  crucible  into 
a  solid  lump.  In  adopting  this  method,  the  chloride 
of  silver  should  not  be  dried  or  allowed  to  become 
dry,  as  it  is  not  acted  upon  afterwards  so  readily  if 
reduced  to  that  condition.  All  that  is  required  to 
be  done  is  to  pour  off  the  water  standing  above  the 
silver  chloride,  when  it  has  been  ascertained  that 
all  the  silver  has  been  "  thrown  down,"  and  to  add 
some  pieces  of  scrap  zinc  and  a  little  dilute  oil  of 
vitriol.  This  commences  at  once  to  act  on  the  zinc, 
so  that  hydrogen  gas  is  given  off  from  the  zinc,  and 
the  free  hydrogen  which  is  evolved  in  the  nascent 
condition  has  the  property  of  reducing  the  silver  in 
silver  chloride  to  the  metallic  condition.  The  oil 
of  vitriol  mixture  consists  of  the  following  pro- 
portionate parts  :  oil  of  vitriol,  1  part  to  16  parts  of 
water,  and  sufficient  of  the  dilute  mixture  is  used 
to  well  cover  the  whole  of  the  silver  chloride.  The 
acid  should  be  poured  into  the  water,  and  not  the 
water  into  the  acid.  The  whole  contents  of  the 
vessel  should  be  frequently  stirred.  The  chloride 
of  silver  does  not  require  to  be  washed  before  the 
zinc  and  oil  of  vitriol  acid  mixture  are  added  to  it. 
When  scraps  of  wrought  iron  are  used  in  place  of  the 
zinc,  1  part  of  acid  to  8  parts  of  water  are  taken  to 
prepare  the  mixture,  as  the  iron  is  not  acted  upon  so 
energetically  with  a  weak  mixture  as  is  the  zinc. 

When  the  chloride  of  silver  has  all  been  reduced 
to  a  dark  substance,  it  settles  readily  in  the  operat- 
ing vessel,  which  operation  usually  takes  several 
hours  in  a  cold  liquid.     If  the  action  of  the  acid 
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ceases  before  all  of  the  silver  chloride  appears  to  be 
reduced  to  the  metallic  condition,  the  liquid  should 
be  poured  off  and  a  fresh  lot  of  acid  and  water 
added.  When  all  the  silver  chloride  has  been  con- 
verted, the  clear  liquid  is  poured  off,  and  water 
added,  the  substance  well  stirred  and  allowed  to 
settle.  This  is  repeated  several  times  to  wash  out 
any  sulphate  of  zinc  that  may  remain  in  the  silver 
powder  ;  the  latter  is  then  dried,  and  melted  with 
1  oz.  of  soda-ash  to  every  10  ozs.  of  the  dried  silver 
powder.  The  melting  is  performed  in  a  fireclay 
crucible ;  the  undissolved  pieces  of  zinc,  if  any 
remain,  being  removed  before  any  washing  is 
done. 

This  method  takes  longer  to  perform  than  that 
of  simply  melting  the  chloride  of  silver  after  it  is 
thrown  down,  and  there  is  also  a  greater  liability  of 
losing  some  of  the  silver  during  washing  operations. 

The  value  of  platinum  is  now  so  great  that  all 
operations  in  which  it  is  used  should  be  conducted 
with  the  greatest  care,  and  particularly  as  regards 
the  waste  resulting  from  its  manufacture.  The 
process  just  described  is  pre-eminently  the  best  for 
the  separation  of,  and  for  the  recovery  of  the  three 
precious  metals  from  a  mixed  waste  material  which 
contains  them.  The  several  operations  in  the  process 
will,  no  doubt,  assist  the  reader  by  recapitulating 
them  as  follows  : — 

(1)  Melting  each  1  part  of  the  gold  and  platinum 
waste  with  3  parts  of  fine  silver  to  form  the  parting 
alloy. 

(2)  Eemoving  the  baser  elements  of  alloy  from 
the  parting  alloy  by  dissolving  in  slightly  diluted 
pure  sulphuric  acid. 
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(3)  Dissolving  the  gold  and  platinum  residue  in 
aqua-regia. 

(4)  Precipitation  of  the  gold,  after  diluting  the 
solution  with  water,  with  ferrous  sulphate  (copperas), 
washing  the  gold  and  melting  with  a  flux  in  a  clay 
crucible. 

(5)  Precipitation  of  the  platinum  with  a  strong 
solution  of  salammoniac  (chloride  of  ammonium) 
and  heating  it  red-hot  to  obtain  metallic  platinum. 

(6)  Precipitation  of  the  silver  by  means  of  a 
copper  sheet  as  metallic  silver  from  the  sulphuric 
acid  solution,  or  as  chloride  of  silver  by  means  of 
muriatic  acid,  or  a  solution  of  common  salt. 

(7)  Melting  the  silver,  according  to  the  condition 
formed  by  one  of  the  methods  described  in  the 
details  of  the  general  process  of  separating  and 
recovering  gold  platinum  and  silver  from  their 
waste  products. 


CHAPTER  XL 

THE   ASSAYING   OF   PLATINUM    WARES 

Platinum  Only. — When  the  amount  of  platinum 
only  is  required  to  be  known,  the  sample  of  selected 
metal  must  be  entirely  dissolved  in  aqua-regia,  the 
solution  evaporated  at  a  low  temperature,  until  it 
is  very  much  reduced  in  quantity,  to  get  rid  of 
the  nitric  acid ;  the  concentrated  solution  is  then 
diluted  with  a  small  quantity  of  water,  and  filtered 
to  remove  insoluble  substances,  and  next  an  equal 
bulk  of  alcohol  is  added  to  the  filtrate ;  and  the 
solution  thus  obtained  is  next  treated  with  a 
saturated  solution  of  chloride  of  ammonium,  suffi- 
cient being  added  to  "  throw  down "  the  whole  of 
the  platinum  present  in  the  liquid.  When  by  the 
reactions  occurring,  the  platinum  will  become  pre- 
cipitated as  a  yellowish  sediment,  leaving  any  other 
soluble  metal  in  adulteration  with  it  in  solution. 
The  solution  should  be  stirred  and  allowed  to  stand 
for  some  time  to  enable  every  trace  of  the  platinum 
to  leave  the  liquid.  Decant  or  filter  off  the  liquid 
from  the  platinum  residue,  and  wash  the  latter  with 
diluted  spirits  of  wine  until  the  washings  cease  to 
be  coloured.  The  resulting  platinic  ammonium 
chloride  is  insoluble   in   this  menstruum,  and    has 

then  only  to  be  dried,  and  transferred  to  a  suitable 
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utensil  wherein  it  may  be  heated,  gently  at  first,  as 
there  may  be  danger  of  losing  some  of  the  platinum 
by  the  volatilisation  of  the  ammonium  chloride,  and 
afterwards  to  a  low  red-heat.  Allow  to  cool,  and 
it  will  be  ready  to  weigh  as  metallic  platinum. 
The  weight  is  that  of  the  platinum,  and  the  differ- 
ence between  this  and  that  of  the  original  weight 
of  metal  taken  for  testing  gives  the  weight  of  the 
base  metals,  formerly  in  alloy  with  the  platinum. 

This  process  is  more  applicable  to  a  high  standard 
of  platinum  for  hall-marking  purposes,  namely, 
iW?T  parts  of  pure  metal.  Silver,  if  existing 
in  such  a  compound  is  soluble  in  a  concentrated 
solution  of  ammonium  chloride,  as  the  amount  in 
any  case  would  be  infinitesimal  in  the  portion 
taken  for  assay,  and  could  be  poured  off  in  the 
liquid  form  from  the  platinum  residue.  But  when 
filtering  is  first  adopted  it  remains  on  the  filter  as 
chloride  of  silver. 

Another  Method. — Take  the  required  portions  of 
scrapings  from  the  platinum  articles  to  be  assayed ; 
add  three  times  their  weight  of  fine  silver ;  these 
materials  are  then  wrapped  together  in  the  neces- 
sary quantity  of  lead  foil,  and  cupelled  to  remove 
base  metals.  The  resulting  bead  of  metal,  now 
composed  of  platinum  and  silver,  is  subsequently 
flattened  and  rolled  to  a  very  thin  gauge  size ;  it 
is  next  parted  in  slightly  diluted  pure  sulphuric 
acid,  when  the  silver  will  be  dissolved  out,  and 
the  platinum  left  as  a  dark  residue,  which  is 
metallic  platinum.  This  residue,  after  reboiling 
in  fresh  acid,  if  necessary,  is  washed  by  decanta- 
tion,  annealed,  and  weighed,  to  determine  whether 
the  articles  really  contained  the  required  standard 
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proportions  of  platinum.  No  hall-marking  standard, 
however,  up  to  this  time,  has  been  fixed,  but  the 
extensive  use  of  platinum  and  its  alloys  in  the 
manufacture  of  jewellery  has  created  the  necessity 
for  establishing  a  standard  for  this  metal. 

Platinum  and  Gold. — Weigh  out  accurately  a 
certain  small  quantity  of  the  substance  to  be 
assayed,  and  reduce  to  a  state  of  solution  in  aqua- 
regia,  for  when  the  platinum  is  simply  alloyed 
with  gold,  it  can  be  dissolved  without  any  pre- 
liminary preparation.  This  can  only  be  done  by 
means  of  aqua-regia,  with  the  mixture  of  hydro- 
chloric and  nitric  acids  already  described,  both 
metals  being  thereby  dissolved.  When  the  two 
metals  have  become  completely  dissolved  continue 
the  heat  under  the  flask  until  the  liquid  is  con- 
siderably reduced  in  quantity,  adding  a  little  hydro- 
chloric acid  occasionally,  for  the  purpose  of  causing 
the  expulsion  of  the  nitric  acid,  the  presence  of 
which  is  injurious  in  the  after  part  of  the  process. 
When  the  evaporation  has  been  carried  to  a  suffi- 
cient extent,  1  or  2  ozs.  of  water  must  be  added 
and  the  liquid  contents  of  the  flask  poured  off  into 
a  glass  beaker ;  add  to  it  oxalic  acid,  of  20  per  cent, 
strength,  in  solution,  by  degrees,  until  it  ceases  to 
have  any  eff'ect  on  the  liquid ;  place  in  a  warm 
place,  and  allow  to  remain  untouched  for  some 
hours,  when  the  brown  powder,  which  the  oxalic 
acid  has  caused  to  be  deposited  on  the  bottom  of 
the  vessel  from  the  fluid,  will  be  quite  pure  metallic 
gold  in  a  fine  state  of  division.  A  small  quantity 
of  the  clear  supernatant  liquid,  before  it  is  poured 
off,  should  be  taken  up  in  a  pipette  and  placed  on 
any   clear   white    body,   and   a   drop   of   the   clear 
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solution  of  ferrous  sulphate  added  to  it ;  if  there 
be  no  change  of  colour,  it  is  proof  that  the  whole 
of  the  gold  has  been  thrown  down  out  of  the  liquid 
by  the  oxalic  acid  solution,  but  if  there  should  be 
the  slightest  change  of  colour,  more  of  the  oxalic 
acid  solution  must  be  added,  and  the  liquid  heated, 
to  produce  a  complete  separation  of  the  gold.  The 
platinum  alone  now  remains  dissolved  in  the  liquid, 
and  in  decanting  this  from  the  gold,  the  most 
scrupulous  care  is  required  not  to  disturb  the  gold 
powder.  The  decanted  or  filtered  liquid  is  next 
mixed  with  its  own  bulk  of  spirits  of  wine,  and  a 
strong  solution  of  salammoniac  added,  which  pre- 
cipitates the  whole  of  the  platinum  into  the  double 
chloride  of  platinum  and  ammonium ;  this  has  only 
to  be  washed  with  diluted  alcohol  (in  which  the 
precipitate  is  insoluble),  dried,  and  heated  to  a  low 
red-heat,  to  get  rid  of  the  ammoniacal  chloride  left 
by  the  alcohol,  and  the  residue  on  being  collected 
together  and  weighed  gives  the  amount  of  pure 
metallic  platinum. 

An  alloy  of  platinum  and  gold  can  also  be  assayed 
by  fusion  in  a  cupel  with  the  necessary  quantity  of 
fine  silver  and  lead,  which  leaves  a  bead  of  platinum, 
gold  and  silver ;  the  triple  alloy  is  next  dissolved  in 
slightly  diluted  sulphuric  acid,  which  dissolves  only 
the  silver,  leaving  the  platinum  and  gold  untouched, 
which  are  washed,  and  treated  for  their  separation 
by  the  method  described  in  the  paragraph  imme- 
diately preceding. 

Platinum  and  Silver.  —  These  metals  may  be 
assayed  by  means  of  slightly  diluted  sulphuric  acid 
when  the  silver  is  in  excess  of  or  equal  to  the 
parting  proportion  of  alloy,  when  the  platinum  is  in 
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excess  the  sample  to  be  assayed  will  have  to  be 
cupelled  with  lead  and  the  necessary  quantity  of 
fine  silver  added  to  form  the  parting  alloy,  when 
the  sulphuric  acid  mixture  will  dissolve  the  silver 
and  not  the  platinum,  which  has  only  to  be  washed, 
dried,  and  weighed  to  ascertain  the  proportion  of 
platinum  the  object  under  examination  contains. 

Platinum  and  Base  Metals.  —  Alloys  of  these 
metals  present  little  difficulty  in  ascertaining  the 
proportion  of  platinum.  They  are  dissolved  without 
any  preparatory  treatment,  when  the  platinum  does 
not  exceed  25  per  cent,  of  the  weight  of  the  mass, 
in  boiling  slightly  diluted  sulphuric  acid  which 
removes  the  base  metals  and  leaves  the  platinum  as 
a  metallic  powder ;  this  has  only  to  be  washed  with 
hot  water,  dried,  and  weighed  to  make  an  exact 
assay.  But  if  the  platinum  exceeds  25  per  cent,  of 
the  alloy  under  examination  it  is  not  possible  to 
make  an  exact  assay  in  this  manner,  and  will 
require  to  be  cupelled  with  lead,  and  adding  the 
necessary  portion  of  fine  silver  to  reduce  it  down  to 
the  parting  alloy,  and  then  proceed  in  the  way 
above  described  by  means  of  sulphuric  acid  to  effect 
the  parting. 


CHAPTER  XLI 

PLATINUM   PRECIPITATING   REAGENTS 

Having  now  described  most  of  the  methods  for  the 
recovery  of  platinum  from  its  solutions  when 
appearing  alone,  and  also  from  those  in  which  other 
metals  are  present,  and  having  thus  imparted  the 
means  by  which  the  recovery  of  gold,  silver,  and 
platinum  may  be  obtained  from  all  the  "  waste 
liquid  residues "  occurring  in  every  kind  of  manu- 
facturing establishment  in  which  the  precious 
metals  are  worked,  I  hope  that  this  knowledge  may 
occasionally  prove  useful  to  workers  in  their 
individual  trades. 

The  following  table  gives  some  of  the  reagents 
by  which  platinum  may  be  distinguished  when  in 
solution : — 

Chloride  of  Ammonium  (AmCl2)  precipitate 
platinum  from  its  chloride  solution  as  a  yellow 
crystalline  salt  of  the  double  chloride  of  ammonium 
arid  platinum  (Am2PtCl6)  which,  on  heating,  is 
decomposed  with  the  liberation  of  metallic  platinum 
in  a  very  finely-divided  state. 

Chloride  of  Potassium  (KCI2)  precipitates  platinum 

from  its  chloride  solution  as  an    insoluble   double 

salt  of  potassium  platinic-chloride  (K2PtCl6),  which 

is  reduced  to  metallic  platinum  on  the  application 
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of  heat.  Both  these  precipitates  are  produced  more 
quickly  on  the  addition  of  spirits  of  wine. 

Sulphide  of  Hydrogen  (H2S)  precipitates  plati- 
num from  most  of  its  solutions  as  a  black  powder 
of  platinum  sulphide  (PtS),  which  is  decomposed 
by  heating  to  a  red-heat,  with  or  without  the 
presence  of  air,  and  metallic  platinum  is  left  as  the 
residue. 

Carbonate  of  Potassium  (K2CO3)  in  chloride 
solution  precipitates  platinum  as  a  yellow  precipi- 
tate (PtCOg). 

Carbonate  of  Ammonium  (Am2C03)  in  platinum 
chloride  solution  throws  down  a  yellow  precipitate 
and  acts  like  the  chlorides  of  ammonium  and 
potassium. 

Sulphide  of  Ammonium,  (AmS)  produces  the  same 
precipitate  as  hydrogen  sulphide,  but  with  the 
former  reagent  the  precipitate  will  be  redissolved 
by  adding  excess  of  the  liquid. 

Carbonate  of  Soda  (Na2C03). — No  precipitate. 
Sulphate  of  Iron  (FeS04). — No  precipitate. 
Oxalic  Acid  (C2H2O4). — No  precipitate. 
Chloride  of  Tin  (SnCy. — No  precipitate,  but  a 
dark  brown  to  red  colouring  is  given  to  the  liquid 
on  its  addition. 

Copper,  Iron,  and  Zinc  slowly  precipitate 
metallic  platinum  from  its  various  solutions  as  black 
powders.  The  applications  of  these  metals  and 
their  mode  of  treatment  to  the  .difFerent  solutions 
for  which  each  is  suitable,  is  given  under  their 
respective  headings,  and  further  detail  will,  there- 
fore, I  am  sure,  not  be  necessary  for  a  complete 
understanding  of  the  instructions  provided  for 
operatives  engaged  in  the  extraction  of  gold,  silver, 
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and  platinum  from  their  numerous  and  dissimilar 
solutions  in  a  compact  form,  to  render  the  operations 
more  successful,  and  to  obtain  the  respective  metals 
with  less  difficulty  than  perhaps  has  generally  been 
the  case. 

There  are  other  reagents  that  can  be  employed  as 
tests  for  platinum  when  in  solution,  but  the  tests 
most  easily  applied  by  workers  in  manufacturing 
establishments  are  provided  in  the  foregoing  table 
and  in  the  general  text. 


CHAPTER  XLII 

RECOVERING  GOLD,  SILVER,  AND  PLATINUM  FROM 
WASTE  LIQUID  RESIDUES  OF  EVERY  DESCRIPTION 
BY   ONE   OPERATION 

The  problem  of  treating  the  waste  residuary  liquids 
containing  the  precious  metals  is  one  of  the  most 
important  factors  to  the  successful  running  of  a 
manufacturing  jewellery  establishment.  To  this 
end  I  have  devoted  very  many  years  of  close, 
personal  attention  and  practical  experimental  re- 
search, the  basis  of  all  knowledge,  and  may  justly 
claim  to  have  now  designed  the  most  perfect  con- 
trivance known  to  workers  in  the  precious  metal 
industries,  and  which  has  probably  reduced  the  loss 
of  precious  metals  in  liquid  wastes  to  the  minimum 
for  the  world. 

The  question  as  to  the  best  and  cheapest  way  to 
recover  all  the  waste  metal  from  the  liquids  of  the 
workshops  from  which  it  may  be  recoverable,  is 
therefore  of  considerable  consequence  financially, 
and  one  of  the  first  things  should  be  the  adoption  of 
a  suitable  apparatus,  whereby  the  precipitation  of 
the  metal  and  the  filtering  away  of  the  clear  liquid, 
after  all  the  precious  metals  have  been  removed,  so 
that  much  better  results  may  be  achieved,  and  a 
far  greater  saving  effected  than  has  hitherto  been 
the  case. 

The  gold  and  silver  waste-saving  appliance  which 
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I  am  about  to  describe  is  so  much  superior  to  all 
other  contrivances  for  large  establishments,  that  it 
cannot  be  placed  in  the  same  class  as  those  which 
are  in  general  use,  as  all  descriptions  of  waste  liquid 
products  are  treated  in  an  ingenious  arrangement  of 
tanks  by  one  operation,  with  eminently  successful 
results,  and  this  method  has  proved  so  thoroughly 
satisfactory,  as  tested  by  practical  experience,  as  to 
leave  no  doubt  that  the  whole  of  the  precious 
metals  have  been  extracted  from  the  liquid  at  the 
end  of  the  process.  This  apparatus  is  entirely  self- 
acting,  and  it  is  guaranteed  that  the  waters  passing 
through  it  are  completely  freed  from  metallic  con- 
stituents. With  this  contrivance  there  is  absolutely 
nothing  to  do  on  the  part  of  the  employee  except 
to  fill  the  funnels  at  certain  intervals  with  a 
chemical  salt ;  this  slowly  dissolves  away  as  the 
water  percolates  upon  it,  and  it  is  only  when  it  has 
all  become  dissolved  that  any  addition  of  the 
chemical  salt  is  required  to  be  made.  It  is  almost 
unnecessary  to  remark  that  the  waste  liquid 
products  of  precious  metal  workers  cannot  be  treated 
successfully  without  the  use  of  chemicals. 

Another  important  feature  of  this  contrivance  is 
that  employers  can  at  any  time  inspect  the  working 
arrangements,  and  ascertain  for  themselves  if  the 
employee  whose  duty  it  is  to  attend  to  this  work  in 
the  factory  keeps  up  a  constant  supply  of  the  pre- 
cipitating salt  in  the  funnels,  and  without  the  said 
person  being  aware  of  the  fact.  With  this  contri- 
vance, therefore,  any  neglect  of  duty  or  inattention 
at  the  proper  time  is  at  once  made  apparent  to  the 
eyes  of  the  employer,  which  is  another  distinct 
advantage. 
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This  self-acting,  waste  liquid  metal  precipitating 
and  filtering  apparatus  may  be  justly  described, 
without  question  of  doubt. 

The  Invincible  Method. 

The  contrivance  to  which  this  method  applies  is 
the  very  latest  invention,  involving  no  loss  what- 
ever of  the  smallest  particle  of  either  gold  or  silver 
that  may  be  present  in  the  liquid  which  is  passing 
through  the  apparatus.  It  is  the  most  up-to-date 
method,  and  is  so  effective  in  recovering  the 
precious  metals  from  all  kinds  of  liquid  substances 
that  it  gives  the  very  best  returns  that  can  possibly 
result  from  their  treatment,  and  the  advantages  of 
the  system  over  all  others  hitherto  in  practice, 
may  be  considered  to  be  established  by  the  recovery 
of  more  metal  than  ever  before,  and  as  the  waste 
liquid  residue  is  one  of  the  most  important  things 
connected  with  every  manufacturing  jewellery  firm, 
and  one  productive  of  a  very  great  amount  of  loss  if 
not  carefully  watched,  it  behoves  manufacturers  to 
inquire  into  the  results  of  this  system.  The  design 
on  page  340  shows  the  form  of  apparatus  required 
for  a  large  factory  employing  100  or  more  hands. 

The  design  shown  is  a  contrivance  that  has  been 
especially  constructed  for  use  in  large  manufactories 
employing  a  large  number  of  workpeople  ;  whilst  the 
interests  of  smaller  firms  have  not  been  overlooked, 
as  a  smaller  series  of  tanks  may  be  used,  or  the 
number  reduced  (see  fig.  28)  to  meet  their  require- 
ments, in  proportion  to  the  number  of  gallons  of 
waste  liquids  that  are  being  passed  through  the 
receptacles  during  the  course  of  each  working  day, 
when,  by  adopting  this  method,  it  will  be  found 
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more  metal  is  recoverable  by  the  use  of  this 
contrivance  than  that  of  any  other  which  has 
preceded  it. 

The  precipitating  and  filtering  appliance  for  100 
workpeople  consists  of  six  tubs  of  54  gallons  each, 
arranged  in  series ;  old  paraffin  casks  make  very 
suitable  receptacles  for  all  descriptions  of  waste 
liquids,  and  the  cost  is  very  small.  All  the  tubs 
should  be  uniform  in  size  and  each  one  stand  about 


Fig.  28.  —The  Invincible  gold  and  silver  waste  saver. 

Scale  :  Funnels  to  be  1  inch  above  tops  of  tubs,  outlet  jiipes  to  be  3  inches 
below  tops  of  tubs,  to  allow  the  thistle  tops  to  be  4  inches  deep,  and 
stand  out  of  the  liquid. 

4  inches  higher  than  the  one  which  follows,  for 
reason  which  I  am  now  going  to  explain.  As  will 
be  perceived,  on  looking  at  the  drawing,  each  tank 
contains  a  long-legged  funnel  with  a  thistle-formed 
top  to  hold  the  precipitating  salt  (copperas),  and  the 
thistle  part  is  required  to  project  right  out  of  the 
standing  liquid,  or  the  copperas  would  become  too 
rapidly  dissolved.  The  thistle  part  of  the  funnel 
should  be,  at  the  least,  4  inches  deep  and  4  inches 
across,  for  each  of  the  six  tubs,  and  it  is  an  advantage 
in  some  cases  for  the  thistle  to  the  funnel  in  the 
first  tub  to  be  6  inches  each  way.  The  height 
arrangement  of  the  six  tubs  allows  in  each  case  for 
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the  thistle  parts  of  the  funnels  to  stand  out  of  the 
liquid,  and  also  of  their  being  1  inch  higher  than 
the  tops  of  the  tubs ;  this  prevents  the  copperas 
being  unnecessarily  dissolved.  The  running  of  the 
waste  waters,  from  the  series  of  conveyance  pipes, 
on  to  the  copperas  will  be  sufficient  for  dissolving 
purposes.  The  large  waste-water  pipe  entering  the 
first  tub  should  not  be  larger  than  2  inches  in 
diameter,  and  for  the  other  tubs,  1  inch  in  diameter 
is  sufficient ;  these  should  be  bent  downw^ards  into 
the  thistles  of  the  funnels  to  prevent  any  overflow 
of  liquid.  The  space  in  the  tubs  standing  above 
the  liquid  and  the  outlet  pipes  is  about  3  inches  in 
each  one,  and  this  allows  of  the  thistle  ends  of  the 
funnels  to  be  entirely  out  of  the  stationary  liquid, 
when  standing  1  inch  above  the  tops  of  the  series 
of  tanks. 

The  sixth  of  the  series  of  vessels  is  simply  used 
as  a  filtering  tub  as  security  against  floating  gold  or 
silver,  with  device  for  safeguarding  any  loss  that 
might  occur  by  all  the  gold  and  silver  not  being 
precipitated  from  the  liquid  into  the  metallic  state 
in  passing  through  the  other  vessels.  The  filtering 
apparatus  consists  of  a  circular  board,  fixed  in  the 
tub  about  1  inch  from  the  bottom,  closely  per- 
forated, and  on  the  upper  surface  is  firmly  secured 
a  piece  of  baize,  flannel  or  other  suitable  filtering 
material  to  act  as  the  filter.  The  circular  wooden 
board  is  closely  perforated  to  allow  the  filtered 
water  to  pass  freely  through.  On  the  top  of  this 
baize-covered  board  is  placed  a  layer  of  about  12 
inches  in  thickness  of  coarse  sawdust,  closely  pressed 
together,  and  on  the  top  of  the  sawdust  is  placed  a 
circular  disc  of  zinc,  finely  and  closely  perforated. 
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The  zinc  covering  will  decompose  any  liquid  metal, 
and  also  prevent  the  sawdust  rising  up  in  the  tub, 
and  the  baize  underneath  the  sawdust  will  keep  the 
latter  from  getting  into  the  holes  in  the  wooden 
board  and  stopping  them  up.     It  will  also  prevent 
any  portion  of   the  sawdust  passing   through  and 
getting  into  the  lower  part  of  the  tub  into  which 
the  clear  filtered  water  falls  previous  to  running 
away  into  the    drain.     The  tubs   should   be  large 
enough  to  take  the  whole  of  the  water  used  in  each 
individual  factory  during  the  day ;  and,  during  the 
night  and  the  time  the  works  are  not  running,  the 
filtering  tub  empties  itself,  and  so  becomes  ready 
to  take  the  next  day's  waste  liquids  as  they  pass 
in  regulation  order  through    the    other   five   tubs. 
The  liquids  also   slowly  percolate  away   from  the 
filtering  tub  during  working  hours,  as  the  action  of 
the  contrivance  is  continuous.     The  process  of  filter- 
ing is  uniformly  brought  about  by  the  perforated 
zinc  covering,  which  causes  an  equal   distribution 
of  liquid  over  the  entire  filter   bed,   which,   after 
passing    through    the    sawdust    and    the    filtering 
material,   is  deposited  into  a  clear  space  beneath, 
from  whence  it  runs   away,   entirely  freed   of   all 
metal,  so  that  nothing  whatever  is  lost.     The  zinc 
sheet    will    convert    any    liquid    gold,    silver,    or 
platinum  to  the  metallic  condition,  if  any  infini- 
tesimal portion  may  by  chance   have  reached  the 
last  tub,  but  this  idea  has  been  proved  by  practical 
experience,  hypothetical. 

The  long  legs  of  the  funnels  deliver  the  waste 
waters  (after  spreading  over  the  copperas  placed  in 
the  thistle  parts)  to  the  bottom  of  the  tubs,  carrying 
some  portion   of   the   dissolved   copperas   with   it, 
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which  precipitates  the  gold  in  its  downward  course. 
It  thus  acts  on  the  whole  of  the  waste  liquids  in 
the  right  places,  and  causes  the  precipitates,  through 
the  large  volume  of  water  in  possession  above,  to 
remain  at  the  bottom  of  the  tanks,  the  agitation  in 
the  liquid  being  mostly  confined  to  the  lower  parts ; 
the  copperas  is  thus  dispersed  throughout  the  liquid 
in  those  parts  where  it  is  chiefly  required,  the 
lighter  liquid  then  only  rising  to  the  tops  of  the 
tubs,  and  passing  from  there  quite  steadily  through 
the  outlet  into  the  next  funnel,  and  so  on,  until 
the  last  tub  is  reached,  from  which  the  clear  water 
only  is  allowed  to  run  away. 

This  contrivance  carries  on  two  operations  simul- 
taneously, namely,  the  precipitation  of  all  the  precious 
metals,  and  the  filtering  away  of  the  clear  liquid 
at  the  same  time. 

The  copperas  not  only  frees  the  waste  liquids  of 
all  the  precious  metals  by  destroying  their  solvents, 
but  clears  them  of  organic  matter  as  well,  which 
settles  to  the  bottom  of  each  tub ;  the  filter  does 
not,  therefore,  become  overloaded  with  sedimentary 
substances  so  as  to  impede  the  passing  through  of 
the  liquid. 

The  last  of  the  series  of  54-gallon  tanks,  when 
the  sawdust  filtering  cloth  and  zinc  sheet  are  fixed 
therein,  will  hold  about  40  gallons  of  liquid,  and 
this  is  found  sufficiently  capacious  in  actual  practice 
for  the  daily  requirements  of  the  largest  firms, 
when  taking  into  account  the  constant  filtering  away 
of  the  liquid  from  it  during  all  the  time,  both  day 
and  night.  No  overflowing,  therefore,  of  the  liquid 
takes  place  from  any  of  the  tanks  when  this  method 
is   employed   in   recovering    precious   metals   from 
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waste-liquid  residues.  In  case  a  larger  arrange- 
ment is  required  than  the  one  described,  I  need 
hardly  remark  that  everything  must  be  multiplied 
in  proportion. 

Liquid  residues  in  goldsmiths'  and  silversmiths' 
establishments  mean  the  used-up  and  exhausted 
solutions  and  waste  liquids  of  every  kind  employed 
in  connection  with  the  various  manufacturing  pro- 
cesses. They  consist  of  the  exhausted  gilding  and 
silvering  solutions  and  their  rinsing  waters ;  the 
exhausted  colouring  mixtures  and  swilling  waters ; 
the  stripping  solutions ;  the  dipping  and  pickling 
solutions ;  the  liquids  in  which  both  polished  and 
finished  work  is  washed  out ;  the  wash-hands 
waters ;  and  all  other  kinds  of  liquid  substances 
which  accumulate  in  every  one  of  the  difi'erent 
workshops  of  the  manufactory.  Some  of  these 
waste-liquid  products  contain  minute  particles  of 
gold  and  silver  in  one  or  other — or  may  be  both— 
of  the  following  forms : — Firstly,  in  extremely 
small  portions  in  the  metallic  condition  ;  and, 
secondly,  in  a  dissolved  condition  in  the  liquid. 
If  the  precious  metals  existed  only  in  the  first  of 
these  forms,  their  recovery  is  not  very  difficult, 
and  may  be  recovered  by  many  of  the  difi'erent 
workshop  appliances  at  present  in  operation  for 
that  purpose,  for  by  carefully  filtering,  or  by  simply 
allowing  the  liquids  to  remain  unmolested  for  some 
time  in  the  collecting  tank,  all  the  particles  of 
gold,  silver,  and  platinum  will,  by  their  weight 
alone,  sink  to  the  bottom  of  the  tank  holding  the 
liquids,  and  may  then  be  covered  by  carefully 
withdrawing  the  watery  liquid  standing  above  the 
sediment  at  the  bottom  of  the  tank  by  means  of  a 
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leaden  syphon,  drying  tlie  sediment,  then  burning 
it  (including  the  sawdust  and  filtering  cloth)  and 
pulverising  the  resulting  material  to  fine  powder 
ready  for  the  refiner's  trial,  or  for  fusing  in  a  clay 
crucible  with  about  three-fourths  its  weight  of  a 
good  reducing  flux,  but  it  is  more  economical  to 
entrust  this  work  to  the  smelter. 

If   the  precious  metals  existed  in  the  second  of 
these  forms  their  recovery  is  far  more  difficult,  for 
when  in  the  liquid  state,  the  atoms  of  the  respec- 
tive metals  do  not  sink  to  the  bottom  of  the  collect- 
ing tanks  as  they  do  when  in  the  metallic  state, 
but  will  pass  off  with  the  watery  liquid,  if  that  be 
poured  or   syphoned  from  the   tanks,  as   freely  as 
the  liquid  itself,  and,  if  the  one  operation  of  filter- 
ing  the   liquid    be   adopted,    that    will   not    mend 
matters,  for  the  dissolved  gold  and  silver  will  readily 
pass  through  the  filtering  material  as  easily  as  the 
watery  liquid  will ;  in  such  cases,  should  the  waste 
liquids  be  well  filtered  before  they  are  allowed  to 
run  away,  the  gold  and  silver  will  not  all  be  saved, 
and  unless  the  acid  and  alkaline  liquids  which  hold  the 
precious  metals  in  solution  are  decomposed,  no  hope 
can  be  entertained  for  the  recovery  of  that  portion 
which  has  become  dissolved  in  the  various  liquids. 
The  liquids  containing  the  precious  metals  in  the 
soluble  condition  must  be  treated  chemically,  and 
some  basic  salt,  or  metal,  must  be  employed,  which 
will  so  act   on  the  waste  liquids  as   to  cause   the 
precious   metals   to   leave   their   solvents   and   fall 
down    as  a  sedimentary  precipitate  to  the  bottom 
of   the   tanks   in  an   insoluble  condition,  and   this 
must  be  done  before  any  of  the  waste  liquids,  re- 
sulting from   manufacturing  processes,  are   thrown 
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away,  if  all  the  precious  metals  contained  therein 
are  to  be  recovered. 

There  is  very  little  doubt  that  some  of  the 
different  kinds  of  liquid  wastes  of  jewellers  when 
mixed  together,  if  allowed  a  long  period  of  rest 
unmolested,  would,  in  the  ordinary  way,  become 
decomposed  and  give  up  most  of  the  precious 
metals  they  held  without  assistance,  but  not  all, 
and  the  application  of  this  principle  is  totally 
unsuited  (owing  to  the  agitation  constantly  taking 
place  in  the  receptacle)  to  manufacturing  establish- 
ments where  hundreds  of  gallons  of  liquid  have  to 
be  dealt  with  during  very  short  periods. 

There  are  various  methods  adopted  for  the 
recovery  of  the  precious  metals  by  different  sections 
of  the  goldsmithing  and  silversmithing  trades  from 
their  waste  waters,  but  the  best  of  them  can  hardly 
be  said  to  be  completely  successful.  What  has  been 
a  long  felt  want  by  those  who  have  studied  the 
question  of  waste  is,  the  introduction  of  a  simple 
contrivance  well  adapted  to  the  treatment  of  all 
kinds  of  liquid  wastes  of  precious  metal  workers, 
whereby  every  atom  of  gold  and  silver  may  be 
recovered  from  all  sorts  of  liquids  by  one  operation, 
and  by  an  appurtenance  in  which  not  the  least 
trace  of  gold  or  silver  is  left  remaining  in  the 
liquid  after  treatment.  Such  an  instrument  has 
now  been  discovered  by  the  writer,  and  the  know- 
ledge which  has  brought  it  about  has  come  to  him 
from  a  long  series  of  investigations,  and  from  a 
wide  experience  in  dealing  with  many  different 
kinds  of  mixtures  in  gold  and  silver  working  estab- 
lishments ;  and  as  no  other  method  or  combination 
of  methods  has  given  anything  like  so  satisfactory 


Recovering  Gold,  etc.,  by  One  Operation       347 

results  that  is  to  be  obtained  from  this  contrivance, 
it  may  justly  be  named  The  Invincible  Method. 
Those  who  have  tried  this  method  are  unquestion- 
ably agreed  that  it  is  the  best  solution  of  the 
"  liquid- waste  problem  "  yet  introduced  to  the  trade. 

The  practical  application  of  the  process  to 
different  classes  of  the  liquids  evolved  under  all 
ordinary  workshop  conditions  has  been  carefully 
studied  and  worked  out.  The  working  of  the  con- 
trivance is  extremely  simple,  and  shows  the  value 
of  exact  knowledge  in  its  bearing  on  the  subject, 
and  the  possession  of  such  knowledge  is  only  to  be 
acquired  by  a  large  and  varied  experience  in 
precious  metal  working  establishments  of  different 
kinds. 

The  arrangement  of  the  six  tubs  will  allow  for 
each  tub  to  be  easily  separated  and  joined  up  again 
without  expense,  in  order  to  recover  the  sediment 
at  any  desired  period,  for  sale  to  the  refiner. 

The  sediment  which  has  accumulated  in  the 
different  tubs,  at  clearing-up  time  may  be  scooped 
out  in  rotation  order,  and  placed  over  the  filter  bed 
in  the  sixth  tub,  to  drain  the  last  remnants  of  the 
water  away.  Another  plan  may  be  adopted  by 
tying  or  nailing  the  edges  of  a  piece  of  washed  or 
unglazed  calico  to  those  of  a  square  frame  of  wood, 
or  to  a  wooden  hoop  so  as  to  leave  a  cavity  to  hold 
the  sediments,  and  placing  this  over  a  cane- 
bottomed  sieve  or  the  top  of  an  old  beer  barrel, 
with  the  top  taken  out,  without  putting  them  into 
the  last  tank.  The  sediment  can  easily  be  removed 
from  such  an  apparatus  when  the  water  has  drained 
from  it,  and  further  additions  can  then  be  made 
when  the  accumulations  are  large. 
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It  is  an  excellent  plan  to  coat  the  tubs  with  a 
protecting  varnish,  both  inside  and  outside,  other- 
wise the  wood  inside  would  become  soft  and  absorb 
some  of  the  gold  and  silver,  and  the  iron  hoops 
outside  would  be  so  acted  on  by  the  vapour  of  the 
acids  in  the  liquid  as  to  cause  them  to  burst  occa- 
sionally. A  good  mixture  for  this  purpose  may  be 
composed  of  two  parts  of  pitch  to  two  parts  of  tar, 
and  applied  warm  by  means  of  a  brush.  Asphaltum 
varnish  may  be  used  as  a  substitute,  but  this 
requires  two  coatings,  as  it  is  too  thin  for  one 
coating  to  last  the  usual  period  prior  to  cleaning 
up  the  residues  with  the  view  of  sale  to  the  refiner. 
The  coating  should  be  repeated  periodically. 

It  is  best  to  remove  the  sediment  from  each  of 
the  tubs  at  stated  periods  (usually  every  six 
months),  and  when  all  the  water  has  been  drained 
away,  the  material  is  then  boiled  down  and  burned 
in  a  specially  constructed  boiler  furnace  (see  fig.  9), 
the  coarse  parts  being  afterwards  well  pulverised 
until  all  the  residue  will  pass  through  an  extra  fine 
sieve,  when  it  will  be  ready  for  trial  by  the  refiners 
with  the  view  of  sale  to  the  highest  bidder. 

It  may  be  contended  that  no  provision  has  been 
stipulated  for  in  this  contrivance  for  the  precipita- 
tion of  either  silver  or  platinum,  as  the  copperas  is 
the  only  special  precipitant  provided,  and  that  salt 
only  acts  as  a  reagent  for  the  gold,  and  does  not  of 
itself  precipitate  silver  or  platinum.  But  when  all 
the  alkaline  solutions  and  the  three  mineral  acid 
mixtures  are  allowed  to  mix  together,  their  reagents 
are  already  present  for  those  solutions  which  hold 
the  silver  and  platinum  in  the  state  of  a  double  salt, 
become  thereby  decomposed,  and  the  result  is  that 
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all  these  double  salts  are  reduced  to  single  salts  by 
the  large  quantity  of  oil  of  vitriol  (which  destroys 
the  power  of  all  other  acids)  employed  in  nearly 
every  jewellery  factory  for  boiling  out  and  other 
purposes.  Common  salt,  carbonate  of  soda,  and 
carbonate  of  potash  are  without  action  upon  liquids 
which  hold  silver  and  platinum  in  the  form  of  double 
salts,  but  when  such  liquids  are  reduced  to  single 
salts  by  the  sulphuric  acid,  which  displaces  the 
other  acids  through  being  much  stronger,  the  silver 
is  then  easily  precipitated  by  the  common  salt  and 
muriatic  acid  of  the  colouring  mixtures,  as  silver 
chloride,  which  settles  down  to  the  bottom  of  the 
tanks,  and  is' held  there  as  an  insoluble  substance 
by  the  organic  matter  removed  from  the  waste 
water  by  the  copperas.  The  carbonates  of  potash 
and  soda  also  precipitate  the  silver  as  carbonate  of 
silver,  from  very  dilute  solutions  when  rendered 
acid,  as  the  waste  waters  always  will  be  when  every- 
thing is  allowed  to  run  into  the  same  set  of  collecting 
tanks  for  the  extraction  of  the  precious  metals.  The 
carbonates  of  potash  and  ammonia  and  their  caustic 
allies  precipitate  liquid  platinum  in  all  such  waste 
liquids  to  the  insoluble  condition.  So  that  all  the 
metals  of  value  are  provided  for  in  this  contrivance, 
and  experience  has  proved  this  to  be  a  true  question 
of  fact,  for  as  a  result  of  several  analytical  tests 
being  made,  not  an  atom  of  precious  metal  has  been 
found  in  the  clear  water  after  it  has  passed  through 
the  last  tank.  Gold  and  silver  cyanide  solutions, 
double  tartrate  of  potash  and  silver  solutions,  double 
sulphite  of  soda  and  silver  solutions,  and  all  others, 
readily  give  up  their  silver  to  the  action  of  this 
contrivance,  for  when  aided   by  the  oil  of  vitriol 
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they  are  all  reduced  to  single  salts.  Caustic  soda 
and  caustic  potash,  used  for  grease  cleaning,  throws 
down  the  silver  as  an  insoluble  oxide  of  silver 
sediment.  The  silver  is  thus  easily  precipitated 
by  one  or  other  of  the  numerous  reagents  for  that 
metal  which  are  regularly  employed  as  auxiliaries 
in  the  manufacture  of  gold  and  silver  jewellery. 
Some  floating  metal  is  always  to  be  found  in  the 
waste  waters,  and  this  safeguarded  and  prevented 
from  passing  away  into  the  drain  by  the  filter  bed 
fixed  in  the  last  of  the  series  of  tubs,  while  the 
circular  piece  of  zinc  reduces  to  the  metallic  con- 
dition any  metallic  salt  of  either  of  the  three  precious 
metals  that  may  incidentally  come  in  contact  with 
it,  and  this  action  is  promoted  by  the  perfect 
steadiness  of  the  liquid,  and  by  the  length  of  time 
it  remains  suspended  over  the  zinc  and  filter 
bed  without  being  disturbed  in  that  part  of  the 
contrivance. 

A  large  amount  of  foreign  matter  is  removed  from 
the  dirty  waters  along  with  the  precious  metals, 
and  this  material  has  to  be  prepared  for  trial  by 
assay  before  it  can  be  sold.  It  is  first  burned  in  a 
suitable  sweeps  furnace  (a  special  contrivance 
employed  by  sweep  smelters),  as  nothing  can  be  done 
with  it  until  it  is  burned ;  it  is  then  pounded  in  a 
mortar  by  means  of  a  cast-iron  pestle,  and  next 
riddled  to  separate  the  fine  material ;  the  coarse 
parts  again  pounded  and  the  riddling  repeated  until 
the  whole  is  reduced  to  a  fine  powder.  There  will 
be  at  the  end  of  this  operation  a  certain  amount  of 
uncrushable  material  left  in  the  fine  sieve  ;  this  will 
consist  mainly  of  fine  metallic  shots,  which  may  be 
melted  down  in  a  crucible  into  a  button  and  treated 
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in  the  same  manner  as  lemel  bar  would  be  which 
has  to  be  sold  to  the  refiner. 

The  form  of  appliance  for  recovering  gold,  silver, 
and  platinum  by  one  operation  from  all  descriptions 
of  liquid  substances  is  designed  with  six  tubs  or 
tanks  for  a  large  factory  employing  one  hundred 
and  more  hands  ;  but  where  there  are  many  separate 
shops  in  the  factory,  and  each  one  discharging  its 
liquid  residues  through  lead  piping  direct  to  the 
basement,  it  is  advisable  to  set  up  a  special  receiving 
tank  in  the  immediate  vicinity  of  the  precipitating 
and  filtering  appliance,  into  which  all  the  waste 
liquids  should  first  be  allowed  to  run  from  their 
separate  sources.  An  outlet  pipe  is  fixed  in  this 
tank,  about  8  inches  from  the  top  of  it,  to  prevent 
overflowing,  and  to  convey  the  liquid  in  a  regulated 
flow  to  the  first  funnel  in  the  appliance  proper. 
This  extra  safeguard  is  only  necessary  where  an 
unlimited  amount  of  water  and  other  liquors  have 
to  be  introduced  into  the  working  arrangements  of 
the  business. 

The  main  features  of  the  contrivance  are,  the 
conversion  of  the  soluble  gold  to  the  metallic  condi- 
tion by  the  copperas ;  the  stillness  of  the  liquid  for 
the  subsidence  of  the  gold  ;  and  the  device  in  the 
last  tub  for  the  filtering  away  of  the  clear  water. 

The  conversion  of  the  gold  depends  on  the  pre- 
cipitant used ;  the  subsidence  of  solid  particles 
depends  on  the  stillness  of  the  waste  waters,  and  on 
their  own  w^eight  compared  with  the  weight  of  an 
equal  weight  (not  volume)  of  the  liquid  in  which 
they  are  suspended,  which  would  be  much  lighter, 
and  to  favour  this  process  the  most  perfect  stillness 
is   required   in   the   topmost   part,  and   the  water 
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should  leave  the  tops  of  the  tubs,  not  from  the 
bottoms,  with  the  exception  of  the  last,  the  filtering 
tub.  The  silver  and  platinum  do  not  require  special 
precipitating  reagents  to  be  employed,  for  when  all 
the  acid  mixtures  and  all  the  alkaline  solutions  are 
allowed  to  mix  together,  their  particular  reagents 
will  be  found  to  exist  already  in  the  compounded 
watery  liquid,  from  which  the  metals  are  thrown 
down  in  the  insoluble  condition,  either  as  metal  or 
as  insoluble  salts,  which  remain  at  the  bottom  of 
the  tubs,  while  all  light  or  floating  material  is  pre- 
vented from  finally  passing  away  by  the  filtering 
device  set  up  in  the  sixth  tub.  The  large  volume 
of  water,  standing  steadily  above  the  precipitated 
material  in  the  five  preceding  tubs  will  prevent  the 
precious  metals  from  rising  up  from  the  bottoms  of 
the  tubs  along  with  the  upward  movement  of  the 
water,  owing  to  their  being  so  much  heavier  than 
the  water  standing  above,  after  separation  has  taken 
place. 

Testing  the  Filtered  Water 

In  order  to  ascertain  whether  the  contrivance  is 
working  satisfactorily  or  not,  it  is  necessary  to 
sample  the  water  which  is  being  discharged  through 
the  filtering  device  occasionally,  to  make  sure  that 
.all  the  precious  metals  are  being  extracted  from  the 
liquid,  and  to  this  purpose  I  have  devoted  consider- 
able time  in  perfecting  a  testing  method  whereby 
that  can  be  rendered  certain.  The  solution  of 
copperas  is  not  the  best  mixture  for  the  purpose  of 
testing  samples  withdrawn  from  therunning  off  water, 
not  even  when  it  is  freshly  made,  and  only  the  clear 
water-white  liquid  is  taken  as  the  testing  medium. 
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Ordinary  copperas  sometimes  makes  a  dingy  solu- 
tion, which  will  impart  its  own  colour  to  the  sample 
of  liquid  selected,  and  put  into  a  glass  test  tube  as 
a  ready  means  of  testing.  You  cannot,  therefore, 
determine  for  certain  whether  all  the  gold  has  been 
removed  from  the  waste  waters  by  this  means  as 
well  as  you  can  by  another  reagent  which  I  have 
devised  for  sampling  running  off  waste  liquids, 
which  is  far  superior  to  copperas  liquid,  and  an 
infallible  test  for  gold  in  solution.  It  consists  of 
a  saturated  solution  of  tin  in  hydrochloric  acid, 
chemically  called  chloride  of  tin  (SnCl2).  This 
testing  mixture  will  at  once  tell  you  if  there  is  the 
merest  atom  of  gold  left  remaining  in  the  liquid 
placed  in  the  test  tube,  by  at  once  changing  its 
colour  throughout  from  water  white  to  a  pale  brown, 
the  colour  increasing  in  deepness  the  more  gold 
there  is  in  the  liquid,  to  a  purple,  and  then  to  an 
inky-black  colour.  A  very  dilute  solution,  containing 
only  1  gr.  of  gold  in  12  gallons  will,  with  a  few 
drops  of  strong  chloride  of  tin,  if  added  to  the  clear 
liquid  sample  in  the  test  tube,  change  its  colour  to 
a  faint  brown,  while  1  gr.  of  gold  in  3  gallons  will 
change  its  colour  to  a  brown  black,  and  1  gr.  of  gold 
in  ij  gallons  will  change  its  colour  to  a  coal  black. 
This  test  will  also  distinguish  both  silver  and 
platinum.  The  former  by  giving  a  grey  cloudiness 
to  the  liquid  with  precipitation,  and  the  latter  by 
giving  the  liquid  a  reddish  brown  colour  without 
precipitation. 

The  chloride  of  tin  reagent,  on  account  of  its 
being  a  weighty  substance,  does  not,  when  the 
addition  is  made,  remain  on  the  top  of  the  liquid 
being  sampled,  but  quite  freely  penetrates  through 
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the  whole  of  it,  and  acting  in  the  above  character- 
istic manner  throughout.  It  is,  therefore,  a  very 
delicate  test  for  ascertaining  the  presence  of  gold 
and  platinum  when  in  solution.  The  commercial 
crystallised  chloride  of  tin,  sold  by  drysalters  in 
that  form,  is  unsuitable  for  the  purpose  of  testing, 
for  when  dissolved  in  water  it  often  becomes  cloudy, 
and  if  a  portion  in  that  condition  is  added  to  the 
sample  of  filtered  water  under  examination,  a  greyish 
colouring  will  also  be  imparted  to  it,  and  this  may 
be  taken  by  the  inexperienced  for  silver  still 
remaining  in  the  waste  waters,  although  not  a  trace 
of  it  may  be  present.  An  addition  of  hydrochloric 
acid  to  such  a  chloride  of  tin  mixture  will  prevent 
its  cloudy  colouration,  but  even  then  that  is  not 
quite  satisfactory  for  the  particular  purpose  intended, 
as  it  will  not  be  strong  enough  in  tin  to  detect  an 
infinitesimal  quantity  of  gold. 

The  tin  chloride  is  far  better  prepared  in  the 
factory  by  some  person  accustomed  to  making 
chemical  solutions,  and  then  it  can  be  depended 
upon,  if  made  in  the  following  manner,  free  from 
water.     Take — 

Pure  grain  tin  (Sn)    .         .         .         .         .         .     1  oz. 

Pure  hydrochloric  acid  (HCl)     ....     4  ozs. 

Dissolve  the  tin  in  the  acid  by  means  of  gentle 
heat,  in  a  dissolving  flask ;  allow  to  cool,  and  then 
put  the  mixture  into  a  glass-stoppered  bottle,  and 
preserve  in  a  dark  place  out  of  the  daylight,  as  it 
loses  some  of  its  virtue  after  a  time,  by  being 
exposed  to  strong  light.  For  the  reason  just  stated, 
it  is  advisable  not  to  make  too  large  a  quantity  at 
one  time,  but  if  more  is  required  than  in  the  formula 
given,  the  quantities  of  the  two  ingredients  must 
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be  multiplied  proportionately,  and  not  otherwise. 
Nevertheless,  it  is  always  advisable  to  have  as  much 
tin  dissolved  into  the  acid  as  the  latter  will  take  up, 
for  you  may  have  too  little  tin  and  too  much  acid, 
and  that  is  not  so  good.  Too  much  tin  you  cannot 
have,  as  the  acid  will  not  dissolve  any  more  when 
it  becomes  thoroughly  saturated  with  it. 

Such  a  mixture  acts  more  effectually  on  ex- 
tremely weak  metallic  solutions,  and  enables  the 
examiner  to  observe  more  clearly  if  any  change  of 
colour  takes  place,  no  matter  how  slight  it  may  be. 
Chloride  of  tin  will  search  right  through  the  liquid 
selected  for  sampling,  and  detect  in  a  most  charac- 
teristic manner  the  smallest  atom  of  gold,  if  one  is 
-Still  existing  in  any  portion  of  the  liquid  under 
examination,  by  imparting  to  it  the  degrees  of 
colour  above  stated  according  to  the  amount  of  gold 
there  is  in  the  soluble  condition. 

There  are  a  few  difficulties  to  be  met  with  in 
testing  waste  water  resulting  from  every  descrip- 
tion of  liquid  products  being  mixed  together  when 
even  the  proper  tin  chloride  is  employed,  and  I 
have  devoted  some  considerable  time  to  experiment 
to  overcome  these  difficulties.  Sometimes,  when 
the  "  chloride  of  tin  "  is  added  to  the  waste  waters 
resulting  from  the  one-operation  method, in  sampling, 
a  greyish  colouring  is  imparted  to  the  liquid,  which 
at  first  sight  might,  as  previously  remarked,  be 
taken  for  silver  being  converted  into  silver  chloride, 
but  I  have  tested  this  in  numerous  ways,  and  find 
such  is  not  the  case.  The  milky  colour  is  produced 
when  excess  of  alkaline  carbonates,  such  as  soda  and 
potash,  are  found  undecomposed  in  the  running  off 
water,  or  when  sulphate  of  zinc  is  present,  but  these 
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difficulties  I  have  successfully  overcome  by  the 
addition  of  a  little  hydrochloric  acid  to  the  sample 
liquid  before  testing  with  the  chloride  of  tin.  The 
hydrochloric  acid  will  immediately  clear  the  liquid, 
and  change  the  substances  into  chlorides,  so  that  a 
single  drop  of  tin  chloride  may  be  seen  making  its 
way  through  the  clear  liquid  to  th6  bottom  of  the 
test  tube,  or  other  clear  glass  vessel  in  which  the 
testing  is  being  performed.  Hydrochloric  acid 
causes  no  reactions  in  colour  to  take  place  with  the 
above-named  salts  or  other  substances  when  freely 
diluted  with  water,  as  all  jewellers'  liquid  residues 
are  wont  to  be.  Hydrochloric  acid  does  not  react 
on  sulphate  of  zinc,  but  simply  changes  its  nomen- 
clature, without  effervescence  or  change  in  the 
colour  of  the  liquid.  It  is  therefore  always  ad- 
visable to  add  to  the  samples  of  waste  waters,  when 
testing  for  gold,  a  little  hydrochloric  acid  before 
treating  with  the  tin  chloride,  to  make  sure  that 
there  is  no  obstacle  in  the  way  of  a  satisfactory  test 
being  achieved. 

I  have  given  more  instruction  with  regard  to  the 
fitting  up  and  working  of  the  invincible  contrivance 
than  to  some  others,  but  in  view  of  its  importance, 
less  description  would  not  have  sufficed,  for  greater 
profit  can  be  made  out  of  the  waste  waters  than  was 
formerly  possible,  by  using  this  appliance  according 
to  directions. 

This  special  waste-saving  appliance  is  not  patented 
and  sold  by  me  with  a  view  to  profit.  Anybody  is 
at  liberty  to  set  up  one  at  a  cost  of  a  few  pounds, 
which  will  amply  repay  the  cost  in  a  few  months' 
time  by  the  extra  savings  effected. 

Several  of  the  leading  jewellers  of  Birmingham 
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are  at  the  present  time  using  this  appliance  for 
treating  their  waste  liquids,  and  all  have  testified  to 
me  that  its  use  has  resulted  in  a  greater  proportion 
of  metal  being  recovered  than  ever  before.  In  one 
instance  more  metal  to  the  value  of  £100  was  re- 
covered in  six  months  than  ever  before  during  a 
similar  period.  The  firm  believed  that  every  atom 
of  gold  and  silver  was  now  being  recovered  by  the 
action  of  the  waste  metal-saving  appliance  from 
their  waste  liquids.  This  means  a  saving  of  £4 
per  week  over  and  above  any  previous  correspond- 
ing period's  receipts,  which  is  a  sufficient  guarantee 
of  the  thorough  reliability  and  efficacy  of  "  The  In- 
vincible Method"  for  automatically  treating  the 
waste  liquid  products  of  the  manufacturing  branches 
of  the  precious  metal-working  industries. 


CHAPTER  XLIII 

THE   ELECTROLYTIC   METHOD 

Every  industry  that  deals  with  precious  metals 
should  be  marked  by  ever-increasing  care  with 
regard  to  the  matter  of  the  waste  which  accumu- 
lates in  manufacturing  valuable  material,  and  among 
the  most  prominent  is  that  of  the  liquid  waste,  since 
a  great  deal  depends  upon  the  principle  adopted 
in  regard  to  this  waste  saving  as  to  effect  a  very 
diflferent  result  in  the  financial  success  of  the  firm's 
business.  As  a  matter  of  course,  there  are  certain 
difficulties  to  be  encountered  in  treating  liquid 
wastes,  and  a  little  chemical  knowledge  is  a  neces- 
sary advantage  in  surmounting  any  casual  difficulty 
which  may  arise.  The  precipitated  material,  after 
that  has  been  brought  about,  requires  care,  for  some 
of  it  is  of  a  very  light  nature,  and  will  rise  up  again 
into  the  liquid  with  only  the  slightest  agitation. 
Now  if  this  is  allowed  to  happen,  some  loss  will 
probably  be  incurred  thereby,  in  drawing  the 
water  away  from  the  precipitates  if  that  method  is 
adopted  in  removing  the  fluid  standing  above  the 
precipitates,  and  I  know  in  many  instances  sufficient 
attention  is  not  given  to  this  matter  as  there  should 
be.  "The  Invincible  Method,"  already  fully  de- 
scribed, has  been  designed  with  the  view  to  prevent 
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difficulties  of  that  kind  happening.  As  the  liquid 
wastes  occur  in  different  quantities  they  are  com- 
monly treated  by  various  methods,  and  in  most  of 
those  I  have  inspected  it  is  not  possible,  entirely, 
to  prevent  some  loss  of  metal,  which  may  easily 
be  avoided  by  taking  the  proper  precautionary 
measures.  The  apparatus  shown  below  will  com- 
plete successfully  the  many  attempts  which  have 
been  made  to  eradicate  the  evils  above  mentioned. 
This  contrivance  is  my  own  design,  and  consists 
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Fig.  29. — The  electrolytic  gold  and  silver  waste  saver. 

of  six  large  tubs  or  casks,  each  of  which  may  have 
a  54-gallon  capacity,  or  other  volume  in  proportion 
to  the  size  of  the  business,  or  to  the  number  of 
gallons  of  liquid  requiring  to  be  dealt  with  in  a 
given  period  of  time.  Each  cask  contains  a  piece 
of  sheet  zinc  of  fairly  large  dimensions,  which  exerts 
an  electrolytic  or  chemical  influence  on  the  precious 
metals  which  are  soluble  in  the  waste  liquids  under 
treatment,  by  liberating  them  from  all  their  solvents 
and  precipitating  them  to  the  bottom  of  the  series 
of  vessels  in  the  metallic  state.  Thus,  the  form 
of  gold,  silver,  platinum  and  copper  undergoes  an 
entire  change  in  the  acid  and  alkaline  liquids  by 
the  chemical  action  which  is  set  up  in  the  mixed 
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liquors  between  the  zinc  and  the  acidulated  chemical 
salts  existing  in  the  waste  waters — when  all  are 
being  treated  by  one  operation  —  whereby  the 
metallic  constituents  are  separated  and  slowly  fall 
downwards  by  the  act  of  gravitation  to  the  bottom 
of  the  tubs  in  the  metallic  condition.  The  chemical 
reactions  are  primarily  caused  by  the  greater  affinity 
of  the  solvents  in  the  wash-waters  for  the  zinc  than 
for  the  precious  metals  in  solution.  The  zinc  be- 
comes gradually  dissolved,  and  enters  the  liquid  in 
the  soluble  condition,  taking  the  places  of  all  the 
metals  which  have  been  forced  by  the  reactions 
caused  by  the  immersed  zinc,  to  leave  their  solvents 
in  the  waste  liquids  and  return  to  the  natural  state  ; 
thus  the  metallic  zinc  goes  into  solution  and  remains 
in  the  liquid  condition,  while  the  precious  metals  go 
out  of  solution  and  return  to  the  metallic  condition. 

The  action  of  the  contrivance  is  such,  that  all 
kinds  of  liquid  wastes  which  are  to  be  found  in 
goldsmiths'  and  silversmiths'  workshops  may  have 
the  gold  and  silver  thrown  down  completely,  by 
immersing  a  sheet  of  zinc  in  each  of  the  receptacles 
without  having  to  use  any  copperas  at  all.  The 
zinc  sheets  should  be  large,  but  not  so  large  as  to 
touch  the  bottoms  of  the  tubs. 

The  theory  of  the  process  is,  that  the  water  and 
other  constituents  of  the  liquid  are  mainly  decom- 
posed ;  their  oxygen  unites  with  the  zinc  as  it  is 
acted  upon  by  the  acidified  liquid,  the  hydrogen 
which  is  thereby  evolved  in  the  nascent  form, 
passes  through  the  solution,  and  being  light,  rises 
to  the  tops  of  the  vessels  and  escapes  in  an  invisible 
condition,  the  precious  metals  being,  by  these  evolu- 
tions of  nascent  hydrogen  in  its  most  active  form. 
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separated  from  the  liquid  and  conveyed  to  the 
bottoms  of  the  vessels  in  their  metallic  state,  their 
places  in  the  liquid  being  possibly  replaced  by 
soluble  zinc  sulphate. 

A  further  explanation  may  be  given  why  metallic 
zinc  immersed  in  wash-waters  impregnated  with 
acids  and  alkaline  salts  causes  the  precious  metals, 
when  they  are  present,  to  be  "  thrown  down  "  out  of 
the  liquid,  is  that  the  zinc  being  a  strong  electro- 
positive metal,  while  those  likely  to  be  present  in 
jewellers'  waste  solutions  are  electro-negative.  The 
positive  metal  in  such  liquids  always  suffers  first 
oxidation,  and  subsequent  solution.  The  oxidation 
of  the  zinc  prevents  the  precious  metals  from 
adhering  to  it,  and  whilst  gradually  dissolving 
away,  nascent  hydrogen  gas  is  being  constantly 
produced,  and  the  gas  precipitates  the  negative 
metals  as  metallic  powders.  The  action  of  the 
zinc  is  not  at  all  prevented  by  the  alkaline  con- 
stituents present  in  the  liquid,  unless  insufficient 
acid  mixtures  are  contained  in  the  compounded 
liquids.  The  acidity  of  jewellers'  mixed  solutions 
is  usually  quite  sufficient  to  keep  the  zinc  sheets 
clean  enough  from  oxidation  for  the  object  in  view 
to  be  thoroughly  accomplished.  The  soap-suds  and 
other  organic  material  proves  no  obstacle  to  the 
working  of  this  contrivance.  When  water  in 
negligent  quantities  is  allowed  to  run  to  waste  by 
careless  people,  and  to  enter  the  tanks,  a  little  oil 
of  vitriol  must  be  added  occasionally  to  the  liquids 
in  the  tanks,  as  their  acidity  becomes  weakened 
through  too  much  water  being  allowed  to  flow  into 
them ;  but  strong  chemical  action  is  not  necessary, 
as  the  zinc  sheets  will  become  too  quickly  dissolved, 
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without  any  useful  purpose  being  served.  In  the 
general  way,  it  is  advisable  to  have  the  wash-waters 
as  dilute  as  possible  ;  that  is  to  say,  not  too  strongly 
impregnated  with  corrosive  acids  of  any  kind,  as  the 
other  constituents  which  jewellers'  waste  liquids 
contain,  do  their  share  in  helping  to  set  free  the 
metallic  elements  of  a  compound  soluble  mixture 
into  their  component  parts  again. 

The  series  of  vessels,  six  in  number,  employed  for 
the  purpose  of  precipitation  and  filtration  are 
arranged  on  a  gradatory  scale  of  about  4  inches 
each,  in  the  manner  shown  in  fig.  29,  the  construc- 
tion of  each  being  exactly  the  same,  with  the 
exception  of  the  last,  which  has  a  support  1  inch 
from  the  bottom,  on  which  is  first  placed  a  per- 
forated disc  of  wood ;  upon  the  top  of  this  comes  a 
thick  layer  of  coarse  deal  sawdust ;  and  lastly,  above 
this  is  fixed  a  piece  of  cloth  filtering  material,  which 
is  made  tight  against  the  sides  of  the  vessel  by 
being  stretched  upon  a  hoop.  The  filtering  cloth 
may,  if  preferred,  be  attached  to  the  perforated 
wooden  disc  at  the  bottom,  and  underneath  the 
sawdust.  Above  the  filter  bed  stands  the  liquid 
substance  to  be  treated,  and  the  filtered  water 
falling  into  the  bottom  space  of  the  vessel  flows 
through  the  outlet  pipe  into  the  drain,  and  is 
carried  off"  the  premises  freed  of  all  its  valuable 
metallic  constituents. 

To  each  of  the  other  five  vessels  there  is  a  1-inch 
leaden  pipe  attached,  extending  downwards  to  a 
little  more  than  half  of  the  depth  of  the  vessel, 
through  which  the  liquid  substance  runs.  It  is  in 
this  manner  emptied  at  nearly  the  bottom  of  each 
vessel  in  the  order  of  rotation  consistent  with  the 
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plan  of  connecting  up  the  apparatus.  This  avoids 
any  disturbance  of  the  liquid  in  the  upper  part  of 
the  vessel  in  contact  with  the  zinc  plates,  except 
the  chemical  action,  which  by  themselves  create, 
for  it  is  here  that  the  particles  of  soluble  material 
are  being  converted  into  metal,  from  which  position 
the  metal  falls  steadily  to  the  bottom  of  the  vessels. 
It  cannot  rise  upwards  owing  to  the  steadiness  of 
the  water  above,  aided  also  by  its  volume,  which 
prevents  a  more  weighty  substance  reaching  the 
tops  of  the  vessels  in  the  same  manner  as  the  water 
itself  does  in  this  contrivance. 

The  water  rises  upwards  in  each  of  the  first  five 
tubs,  and  when  they  are  once  filled  with  liquid, 
always  remain  full  up  to  within  4  inches  of  the 
tops,  at  which  distance  the  several  outlet  pipes  are 
fixed.  The  liquid  is  thus  in  constant  contact  with 
the  series  of  zinc  sheets,  and  this  ensures  the 
precipitation  of  all  the  precious  metals  contained  in 
the  wash-waters  subjected  to  this  mode  of  treatment. 
The  water  when  it  reaches  the  end  of  the  contriv- 
ance, having  then  passed  through  the  filtering 
device,  is  allowed  to  drain  away  into  the  sewer. 

The  zinc  sheets  are  suspended  in  the  centre  of  the 
waste  liquids  from  strips  of  wood  placed  across  the 
tops  of  the  tubs. 

The  leaden  pipes  through  which  the  water  passes 
from  tub  to  tub  have  each  a  bent  end  of  sufiicient 
length  when  lodging  on  the  tops  of  the  tubs  to 
pass  through  a  waterproof  hole  in  the  tub  immedi- 
ately preceding.  The  pipes  are  made  to  rest  against 
the  sides  of  the  tubs  so  that  when  the  liquid  passes 
through  them  and  is  discharged  low  down  in  the 
respective  tubs,  there  is  little  agitation  set  up  in 
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the  liquid  by  the  flow  of  water,  and  this  device 
allows  for  the  volume  of  water  above  to  always 
remain  in  an  almost  stationary  condition,  which 
gives  the  metallic  constituents  a  safe  opportunity 
to  fall  down  to  the  bottom  of  the  tubs  and  out  of 
the  liquid,  as  the  waste  water  passes  through  the 
contrivance. 

The  water  rises  steadily  upwards,  but  does  not 
carry  the  metallic  ingredients  with  it,  for  when 
these  are  converted  into  solid  metal  the  substance 
is  too  dense  to  leave  the  bottom,  and  only  the 
lighter  material  and  unconverted  metal  rises 
upwards,  and  flows  through  the  outlet  into  the  next 
tub,  and  so  on,  the  conversion  becoming  at  each 
stage  more  complete,  and  when  the  end  of  the 
operation  is  finally  reached,  all  traces  of  the  precious 
metals  will  have  been  extracted  from  the  waste 
liquid. 

Gold,  silver,  and  platinum  is  slowly  precipitated 
from  mixed  "  liquid  residues  "  by  the  action  of  zinc, 
the  reaction  being  one  of  simple  displacement  of  the 
various  metals.  But  when  a  mineral  acid  is  not 
present  in  sufficient  strength  to  act  slowly  on  the 
zinc  the  cause  of  precipitation  may  be  interrupted, 
owing  to  the  formation  of  an  indissoluble  layer  of 
hydrogen  on  the  zinc  sheets.  When,  however,  the 
liquid  residues  are  sufficiently  acidulated  this  does 
not  happen,  for  the  hydrogen  is  then  freely  evolved, 
and  the  zinc  gradually  and  slowly  dissolves  in  the 
watery  mixture.  The  greater  aj0&nity  of  the  acids 
and  alkaline  salts  for  the  zinc  is  the  cause  of  this 
reaction,  hence  it  forms  an  excellent  reagent  for 
completely  throwing  down  all  metals  of  a  less 
electro-positive  nature,  the   result   being   that  the 
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soluble  metallic  constituents  of  the  liquid  are 
decomposed  and  converted  into  their  natural  state  ; 
the  oxygen  of  the  watery  solution  attacks  the  zinc, 
forming  zinc  oxide,  which  in  the  presence  of  acid 
ultimately  becomes  dissolved  into  the  solution. 
The  nascent  hydrogen  gas  given  off  from  the  surface 
of  the  zinc  during  these  evolutions,  in  its  endeavours 
to  rise  to  the  surface  of  the  liquid  comes  in  contact 
with  the  precious  metals,  liberating  them  from  their 
solvents,  which  then  fall  to  the  bottoms  of  the  tubs 
in  the  metallic  state,  the  gas  escaping  in  an  invisible 
form ;  the  action  is  continuous,  and  after  the  first 
charging  up  of  the  contrivance,  inexpensive.  The 
result  is,  therefore,  that  the  work  of  precipitation  is 
at  no  period  delayed. 

The  larger  the  volume  of  free  acid  or  alkaline 
salts  in  the  different  liquids  used,  the  more  capable 
are  they  of  dissolving  and  holding  the  precious 
metals  in  solution,  and  the  larger  must  be  the 
quantity  of  water  added  to  them,  in  the  one-process 
operation,  to  cause  the  separation  of  the  metals  to 
be  the  more  easily  accomplished.  This  preparatory 
treatment  is  provided  for  by  allowing  all  the  swill- 
ing waters,  and  all  the  wash-hands  waters,  to  flow 
into  the  same  set  of  tanks,  and  by  doing  this  all  the 
different  chemical  mixtures  will  become  sufficiently 
diluted  to  effect  the  object  aimed  at,  without  any 
special  addition  of  water  being  made  to  them, 
which  is  imperative  with  some  liquids  when  they 
are  being  treated  separately  as  heretofore  described. 

Several  methods  have  been  tried  and  others 
suggested  for  dealing  with  the  waste  liquids  of 
goldsmiths,  silversmiths,  and  electro-metallurgists, 
with  the  view  to  recover  therefrom  all  traces  of  the 


366     Precious  Metals  from  Waste  Liquid  Residues 

precious  metals,  some  of  which  require  too  great  a 
chemical  knowledge,  and  are  too  complicated  for 
the  ordinary  craftsman  to  master,  and  he  wisely 
leaves  them  alone.  But  if  those  whose  duty  it  is 
to  look  after  the  waste  made  in  manufacturing 
personal  ornaments  from  the  precious  metals  were 
made  acquainted  with  a  few  commercial  wrinkles 
of  real  practicability  respecting  the  treatment  of 
waste  residuary  waters  which  would  lead  to  their 
labours  being  more  successful,  no  doubt  they  would 
be  ready  to  embrace  them,  if  the  method  suggested 
was  simple  and  easily  to  be  carried  out.  Now,  the 
method  I  am  describing  is  one  which  removes  all 
soluble  metals  from  solution  and  restores  them  to 
the  metallic  state,  which,  then,  by  the  act  of 
gravity,  fall  to  the  bottoms  of  the  tanks,  where 
the  solid  particles  remain  until  they  are  required 
to  be  converted  into  money.  They  cannot  pass 
over  with  the  water  and  be  lost.  The  method  is 
so  simple  that  the  most  dull  and  careless  person 
cannot  fail  to  understand  its  working  advantages 
financially  when  the  sedimentary  residue  is  collected 
together,  burnt,  and  sold  to  the  smelter. 

Zinc  destroys  the  power  of  cyanide  of  potassium, 
as  also  those  other  salts  of  lesser  powers  used  in  the 
different  branches  of  the  precious  metal-working 
industries.  Cyanide  gilding  and  silvering  solutions, 
when  spoiled  and  put  into  the  general  waste-water 
receptacles,  it  may  be  urged,  will  redissolve  other 
salts  of  silver  which  may  have  been  precipitated 
beforehand  by  some  other  reagents  noted  for 
throwing  down  the  silver,  and  used  in  preliminary 
operations ;  several  of  such  substances,  it  is  well 
known,  are   soluble  in  cyanide  of  potassium  ;   but 
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practically  this  is  not  the  result  of  my  commercial 
experience  in  this,  the  one-process  operation,  for 
the  mixed  acids  in  the  waste  and  exhausted 
mixtures,  when  all  are  being  treated  as  one  mixture, 
prevents  any  action  of  that  kind  from  taking  place, 
and,  as  both  hydrochloric  and  sulphuric  acid  will 
release  the  dissolved  gold  and  silver  from  their 
solution  in  cyanide  of  potassium  when  put  into 
the  general  waste  liquids,  there  is  no  danger  to  be 
feared  of  imperfect  precipitation  resulting  from  the 
adoption  of  their  being  added  to  the  first  of  the 
series  of  tanks  in  the  "electrolytic  method"  of 
arrangement  without  previous  treatment,  for  the 
series  of  zinc  sheets  so  effectually  precipitates  all 
the  metals  in  whatever  state  of  solution,  that  by  the 
time  the  liquid  reaches  the  last  tank  every  trace  of 
metal  will  have  been  removed  from  the  watery 
mixture. 

Carbonates  of  soda  and  potash  precipitates  the 
soluble  silver  in  the  waste  liquids  of  jewellers  as 
carbonate  of  silver,  and  this,  in  turn,  is  liable  to  be 
redissolved  by  strong  cyanide  solutions  were  it  not 
for  the  reasons  I  have  stated,  namely,  the  mixed 
acids  of  other  liquids  have  the  properties  to  decom- 
pose the  cyanides  and  other  metallic  solvents,  and 
thus  liberates  the  soluble  metals  from  such  solutions 
when  compounded  or  mixed  together.  Then,  these 
metals  undergo  further  decomposition  by  the  zinc 
plates,  which  causes  their  perfect  reduction  to  the 
metallic  condition,  so  that  there  is  a  series  of  double 
reactions  constantly  taking  place  in  the  precipi- 
tating tanks  to  throw  down  all  the  gold  and  silver 
in  an  absolutely  safe  manner  from  all  liquid  residues 
that  no  traces  of  those  metals  are  left  behind  in  the 
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clear  waters  standing  above  the  precipitates,  the 
water  running  away  from  the  last  tank  being  almost 
as  clear,  when  the  operation  is  well  performed,  as 
clean  spring  water. 

No  other  reagent  than  the  zinc  sheets  is  neces- 
sary to  the  thorough  success  of  this  process,  pro- 
vided it  is  carried  out  as  directed,  and  a  little 
attention  given  to  it  occasionally  to  ensure  its  work- 
ing satisfactorily.  All  the  usual  expensive  costs  of 
other  processes  being  thus  saved  in  effecting  the 
reduction  of  the  gold  and  silver  from  the  waste 
residuary  liquids  by  this  method,  no  injurious  gases 
are  evolved,  no  overflowing  of  the  liquid  takes 
place,  and  very  little  frothing  occurs  in  the  working 
arrangements  of  the  contrivance,  while  the  costs 
of  acids  and  other  chemical  salts  are  saved  by 
adopting  this  method  of  recovering  gold,  silver,  and 
platinum  from  jewellers'  waste-liquid  products. 

It  is  a  most  convenient  process  to  adopt,  for  by 
it  both  large  and  small  volumes  of  solution  may  be 
cheaply  and  perfectly  treated  when  done  with,  the 
method  being  free  from  difficulties  of  any  kind,  and 
where  large  quantities  of  liquids  have  to  be  dealt 
with  it  is  advantageous  to  recover  the  metal  by  a 
process  which  is  both  easy  and  inexpensive  in 
performing  the  work. 

It  is  not  necessary  to  clean  the  surfaces  of  the 
zinc  sheets  at  all,  for  the  action  of  the  acid  (always 
present  in  jewellers'  liquid  residues)  will  dissolve 
the  oxide  formed  on  the  zinc  surfaces  almost  as 
fast  as  it  is  formed,  and  also  prevent  a  layer  of 
hydrogen  adhering,  and  in  that  way  a  continually 
changing  surface  is  being  exposed  to  the  action  of 
the  liquid,  to  bring  about  the  desired  results. 
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Zinc  plates  immersed  in  solutions  containing 
gold  and  silver  in  any  of  their  conditions  will 
speedily  reduce  the  metals  to  their  natural  state, 
and  also  clear  the  liquid  of  all  murkiness  by  the 
time  it  reaches  the  last  of  the  series  of  tubs  which 
forms  the  outlet  for  the  water  after  it  has  passed 
through  the  contrivance. 
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CHAPTER  XLIV 

MELTING   SEDIMENTARY   RESIDUES 

To  those  unacquainted  with  the  processes  adopted 
in  the  workshop  for  the  recovery  of  the  precious 
metals  from  the  "  tub  sediments,"  and  sometimes 
a  wish  is  desired  to  have  these  residues  melted 
down  on  the  premises  instead  of  disposing  of  the 
resultant  powder  to  the  sweep  smelter,  in  which 
case  the  following  information  will  be  useful  to  such 
firms  who  are  desirous  of  putting  into  operation 
this  practice  for  the  recovery  of  their  metal,  in  the 
solid  compact  form,  from  the  worthless  drossy 
material ;  but  the  competition  among  "  sweep 
smelters"  is  now  so  keen  that  it  is  advisable  to 
seriously  consider  whether  it  is  the  most  advan- 
tageous to  collect  the  gold  and  silver  from  these 
waters  by  individual  manufacturers,  considering  the 
cost  of  materials  required  in  the  process  and  the 
time  of  the  workman  in  running  down  all  such 
material  in  order  to  separate  the  metal  from  the 
dross,  or  whether  it  would  not  be  the  better  plan 
financially  to  sell  all  such  residuary  products  to 
gold  and  silver  smelters  and  refiners  as  being  the 
more  economical  plan  to  adopt,   and   in   the   end 

most  probably  the  least  expensive  course  to  pursue. 

370 
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Smelters  have  every  available  source  of  dealing 
with  such  products  to  the  very  best  advantage  in 
the  shape  of  the  necessary  plant  and  all  other 
requirements  for  the  purpose,  which  enables  them 
to  put  through  the  fire  very  large  quantities  of 
material  at  one  operation.  This  could  not  be 
accomplished  by  individual  manufacturing  firms, 
as  they  have  neither  the  convenience  nor  the 
necessary  plant  on  the  premises ;  consequently 
their  method  will  have  to  be  one  of  melting  the 
waste  material  in  crucibles,  assisted  by  means  of 
a  good  fluxing  mixture. 

In  the  melting  of  most  precipitated  residues,  in 
an  attempt  to  recover  the  precious  metals  in  solid 
compact  form,  a  flux  must  be  used,  for  unless  a  flux 
is  used  when  the  mass  is  raised  to  the  point  of  fusion, 
a  complete  union  of  the  metallic  particles  is  pre- 
vented from  taking  place  by  the  presence  of  so 
much  foreign  matter ;  and  instead  of  every  atom  of 
metal  being  collected  together  into  a  solid  button, 
there  is  usually  obtained  only  a  portion  of  it  in  the 
bottom  of  the  crucible,  and  a  large  portion  may  be 
dispersed,  in  the  form  of  shots,  throughout  the  pasty 
material  above.  When,  however,  a  suitable  flux  is 
used,  all  the  foreign  material  is  dissolved  into  a  thin 
liquid,  and  this  allows  of  all  the  metallic  substances 
to  fall  out — or  drain,  as  it  were,  from  it — and  gather 
together  into  a  ball  at  the  bottom  of  the  crucible, 
as  clean  metal. 

As  a  compound  flux  for  use  in  melting  tub  sedi- 
ments resulting  from  the  one-process  operation,  I 
have  found  nothing  better  than  one  or  other  of  the 
two  mixtures  here  given.  They  are  made  up  as 
follows  : — 


372     Precious  Metals  from  Waste  Liquid  Residues 


Flux  No. 

1. 

Residue  . 

. 

10  ozs. 

or  100  ozs. 

Soda-ash 

,        . 

. 

4    „ 

»     40    „ 

Common  salt  . 

. 

. 

2    „ 

„     20    „ 

Fluor-spar 

Flux  No. 

2. 

2    „ 

.,     20    „ 

Eesidue  . 

10  ozs. 

or  100  ozs. 

Soda-ash 

. 

, 

4    „ 

„     40    „ 

Common  salt  . 

. 

2    „ 

,,     20    „ 

Salenixon 

, 

2    „ 

M     20    „ 

The  treatment  of  the  precipated  residues  after 
they  have  been  removed  from  the  tubs,  is  to  put 
them  through  the  sweeps  furnace  (see  figs.  9 
and  20).  (A  sweeps  furnace  may  consist  of  any 
suitable  boiler  with  as  light  a  draught  as  possible 
to  prevent  the  passing  off  of  fine  light  particles 
during  the  burning.)  The  burned  material, 
when  that  operation  has  been  completed,  is  next 
subjected  to  riddling.  The  rough  parts  which  do 
not  pass  through  the  sieve  are  put  into  a  suitable 
apparatus,  in  which  fine  pounding  can  be  rapidly 
and  safely  carried  out  without  loss.  For  this 
purpose,  when  the  quantities  are  small,  an  iron 
mortar  with  pestle  is  commonly  used,  which  soon 
reduces  the  coarse  parts  to  an  impalpable  powder. 
The  whole  of  the  pulverised  material  is  finally  sieved 
through  a  very  fine-meshed  sieve,  when  the  substance 
left  in  the  sieve  will  be  found  mainly  to  consist  of 
metallic  shots  of  various  metals,  and  other  hard, 
unpoundable  material.  This  product  is  collected 
together  and  melted  down  separately  in  a  clay 
crucible,  assisted  by  the  following  flux,  which  never 
fails  in  its  object : — 

Sieve  residue  .         .         .         .10  ozs.  or  100  ozs. 

Soda-ash 1^    „    „     15   „ 

Fluor-spar       .         .         .         •       i    „    „       5    „ 
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This  flux  will  melt  anything.  The  button  of 
metal  thus  obtained  will  be  impure,  and  should  be 
assayed  and  sold  to  refiners  under  mutual  agreement. 

The  finely-powdered  material  which  has  passed 
through  the  fine  sieve  is  the  real  tub  sediment,  and 
if  you  wish  to  run  this  down  on  the  premises  instead 
of  trusting  to  the  smelter  and  refiner  of  metals,  it 
must  be  intimately  mixed  with  one  or  other  of  the 
compound  fluxes  (also  reduced  to  very  fine  powder) 
I  have  given  for  the  purpose,  and  melted  in  a  large 
clay  crucible  or  in  a  clay-lined  plumbago  crucible. 
It  cannot  be  melted  in  a  plumbago  crucible  unless 
the  insides  of  the  crucible  are  protected,  as  the  flux, 
when  melted,  becomes  very  fluid,  attacks  the  kind 
of  clay  with  which  the  graphite  is  mixed,  and  this, 
mixing  with  the  contents  of  the  crucible,  prevents 
the  material  therein  from  fusing  into  a  thin  liquid, 
by  raising  the  melting  point. 

If  the  slag,  at  the  conclusion  of  the  melt,  is  not 
sufficiently  fluid  to  allow  of  all  the  particles  of 
metal  separating  out,  a  little  more  flux  must  be 
added,  in  the  same  ratio  of  proportions  of  the 
different  ingredients  as  those  composing  the  original 
mixture,  and  when  the  mass  is  completely  melted 
into  a  thin  fluid,  and  a  clay -lined  plumbago  crucible 
has  been  used  in  effecting  the  melting,  pour  the 
entire  contents  of  the  crucible  into  an  open  ingot 
mould  which  has  been  made  quite  hot  beforehand. 
The  slag  will  run  into  the  mould  with  the  metal 
and  rise  to  the  top.  Allow  the  material  in  the 
mould  to  cool,  then  reverse  the  mould  and  its 
contents  will  fall  out.  The  slag  or  flux  can  then 
be  readily  detached  by  a  blow  from  a  hammer. 
The  crucible  may  be  recharged  with  more  of   the 
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residue  to  be  melted  and  the  melting  continued 
while  the  first  charge  is  cooling  in  the  mould,  so 
that  no  time  is  wasted  in  waiting,  for  before  the 
second  charge  in  the  crucible  is  melted  the  mould 
will  have  had  its  contents  removed  and  be  quite 
ready  to  receive  the  next  pouring. 

But  after  all  is  said  and  done,  it  is  perhaps  the 
most  economical  to  sell  this  kind  of  residue  to  the 
sweeps  smelters ;  but  even  then,  it  is  necessary  to 
prepare  the  product  before  it  can  be  sold  to  the 
most  satisfactory  advantage.  The  best  method  is 
to  burn  the  residues  of  the  tubs  and  grind  them 
to  a  fine  powder,  so  that  a  fair  sample  can  be 
obtained  for  assay.  Several  assays  may  then  be 
made  by  different  smelters  and  a  comparison  made 
as  to  what  difference  is  shown  in  the  value.  A 
word  of  warning  is  here  given  that,  unless  the 
residues  are  ground  into  very  fine  material  and 
treated  as  before  described,  there  will  be  very  little 
chance  of  getting  the  full  value.  This  failure  to 
get  the  full  commercial  value  is  caused  by  the  fact 
that  the  coarse  material  is  filled  with  fine  shots  of 
metal,  and  when  samples  are  obtained  no  notice  is 
usually  taken  of  these  fine  shots,  as  they  are  con- 
sidered to  be  not  evenly  distributed  throughout 
the  mass  of  residue,  and  may  result  in  a  loss  to 
the  smelter  who  happened  to  select  a  portion  con- 
taining more  of  these  shots  than  the  whole  mass 
warranted ;  they  are,  therefore,  placed  on  one  side 
and  not  taken  into  calculation  at  all  when  the  ofi'er 
is  being  made ;  the  only  safe  way,  in  selling  to  the 
smelter,  is  to  grind  as  fine  as  possible  and  pass 
through  an  extra  fine  sieve  so  as  to  retain  the  fine 
shots,  and  then  melt  them  down  on  the  premises 
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under  the  special  flux  I  have  provided  for  this 
purpose ;  have  assays  made,  and  sell  to  the  highest 
bidder,  as  the  metal  cannot  be  used  without  refining. 
And  now,  with  regard  to  the  properties  of  the 
fluxes  I  have  named  for  melting  precipitated 
residues,  a  few  details  will  be  useful  to  the  man 
at  the  furnace. 

Soda-ash  is  dried  carbonate  of  soda  (Na2C03) ; 
this  acts  as  a  powerful  reducing  agent  upon  many- 
oxides,  and  reduces  them  to  the  metallic  condition, 
while  with  those  of  a  baser  kind  it  acts  as  an 
oxidising  agent,  and  then  dissolves  them  into  the 
slag.  It  readily  forms  with  the  non-metallic  material 
of  the  residue  a  fusible  slag,  from  which  the  metals 
separate. 

Common  salt  is  chloride  of  sodium  (NaCl) ;  this 
compound  prevents  the  too  violent  ebullition  of 
the  contents  of  a  crucible  wherein  organic  matter 
is  present.  It  prevents  the  formation  of  oxide,  or 
reduces  it  if  it  has  already  been  formed,  and  assists 
the  metal  to  unite  in  a  clean  solid  mass.  It  is 
cheap  and  easy  to  use. 

Salenixon  is  bisulphate  of  potash  (KHSO4) ;  this 
salt  has  solvent  powers  for  iron  and  other  metals, 
and  acts  by  dissolving  them  into  the  slag  which 
rises  to  the  surface  of  a  melting  charge  of  this  kind. 
It  will  search  through  any  material  which  is  re- 
fractory, and  cause  it  to  melt.  Salt  cake  (the 
sulphate  of  soda,  which  is  a  by-product  in  making 
hydrochloric  acid  from  common  salt),  which  is 
equally  cheap,  will  answer  the  same  purpose. 

Fluor-spar  (CaF2),  or  as  it  is  often  called,  Derby- 
shire spar,  is  of  great  value  as  a  flux  in  recovering 
precious   metals   from   troublesome   residuary   pro- 
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ducts.  It  has  great  aversion  to  common  metallic 
oxides,  especially  iron  and  zinc,  which  are  quickly- 
dissolved  by  it.  It  also  acts  on  all  kinds  of  silicious 
matter  when  that  is  present  in  a  melting  charge, 
and  readily  combines  with  earthy  and  dirty  material, 
forming  a  liquid  substance,  from  which  all  the  con- 
tained metals  quickly  subside  after  the  contents  of 
the  crucible  have  become  completely  melted. 

In  melting  tub  sediments  by  the  crucible  method, 
it  is  usual  to  make  additions  of  the  material  to  the 
crucible  after  the  first  lot  has  subsided. 
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Acid,  aqua-regia,  37,  273,  317,  331. 

—  carbonic,  78,  201,  296. 

—  hydrochloric,  13,  20,  304,  319. 

—  hydrocyanic,  78. 

—  hydrosulphuric,  '246,  293. 

—  nitric,  13,  22,  304,  319. 

—  oxalic,  5,  138,  335. 

—  proof  vessels,  6,  27,  43,  127,  244. 

—  sulphuric,  14,  19,  301,  308,  317. 

—  sulphurous,  178. 

Action,  of  metallic  zinc  on  old  colour 
liquid,  49. 

—  of  metallic  zinc  on  cyanide  solu- 
tions, 92. 

—  of  nitric  acid  on  colour  liquids,  13. 

—  of   sulphate    of   iron    on    colour 
rinsings,  27. 

—  of  sulphate  of  iron   on  pot  wash- 
ings, 27. 

Ammonium  chloride,  297,  328,  334. 
Apparatus,  waste-saving,  337,  340. 
Arts,  industrial,  1. 
Asphaltum  cement,  101,  348. 
Assaying  platinum  and  base  metals, 
333. 

and  gold,  331, 

and  silver,  332. 

wares,  329. 

Atom  of  gold,  12. 

Atomic  weights,  33. 

Auric  chloride,  32 

Aurous  cyanide,  79. 

Average  wastage  in  colour  liquid,  4. 

Battery  method  for  recovering  pre- 
cious metals,  86. 
Best  crucible  for  melting  residues,  96. 

—  gold  precipitant,  5,  15,  24,  26. 

—  test  for  gold,  24,  27,  34. 
Bichloride  of  platinum,  273,  293. 
Binding-wire  process,  63. 
Bisulphate  of  potassium,  56,  375. 

—  sodium,  172. 

Black  liquid,  16,  24,  65. 

—  muddy  liquid,  69. 

—  powder  of  silver,  1 4. 


Boiler  furnace,  29,  34,  77,  114. 
Books  for  guidance,  2. 
Bright  gilding,  75. 
Brown  liquid,  17,  24,  129. 
Bubbles  of  gas,  36,  39,  45. 

Calcining  furnace,  29,  34,  114. 
Calcium  oxide,  252. 
Carbonate  of  soda,  28,  305. 
Carbonic  acid,  32,  36,  201,  296. 
Chemical  classes,  3. 

—  equation,  59. 

—  salts,  5. 

—  symbols  explained,  33. 
Chili  saltpetre,  190. 
Chloride  of  ammonia,  328,  334. 

—  of  gold,  32,  296. 

—  of  iron,  22. 

—  of  platinum,  293,  297. 

—  of  silver,  13,  14,    156,  158,  159, 
197,  201,  217. 

—  of  tin,  10,  11,  20,  21,  24,  36, 

—  of  zinc,  44,  46,  93. 

Colour  waste  changes  in  colour,  16. 

—  of  iron  sulphate,  15. 
Combining  proportions  of  salts,  31- 

34. 
Comments  on  binding-wire  process, 

63. 
Common  salt,  376. 
Computing    the    loss    in    colouring 

gold,  9. 
Complex  procpss,  68.        * 
Copperas  process,  6,  41,  127. 

—  salt,  7. 

Copper,  carbonate,  305, 

—  oxide,  54,  219. 

—  sulphate,  219. 
Crocus,  35. 

Crucibles  for  melting    residues,   96, 

116. 
Cupric  chloride,  7,  12. 
Cuprous  chloride,  304, 
Cyanide  gilding  solutions,  88,  89. 

—  of  potassium,  250. 

—  of  silver,  250. 
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Decomposing  cyanide  liquids,  82. 
Decomposition  of  nitric  acid,  287. 
Delicacy  of  the  tin  test,  118. 
Diluting  dip-gilding  waste,  123. 

—  other  liquids,  136. 
Dip-gilding  waste,  119. 
Dissolving  flask,  21. 

—  gold  from  platinum,  319. 

—  mixture,  55. 

—  platinum  from  silver,  301. 

—  vessel  for  base  metals,  55. 
Distribution  of  platinum,  271. 
Dry  method  of  extracting  gold,  76. 

Earthenware  jar  for  colour  waste,  6. 

for  old  colour,  8. 

Easiest  tests  for  gold,  72. 
Electro-gilding  waste,  74. 
Electrolytic    method    of    recovering 

precious  metals,  87,  358-369. 
Equations,   chemical,    59,  108,  110, 

296. 
Equivalents,  chemical,  31-34. 
Estimating    the    loss    in    colouring 

gold,  5. 

—  the  weekly  loss  of  gold,  145. 
Evaporation  method,  75. 
Explosive  detonations,  38,  55. 

Ferric  chloride,  22. 

—  nitrate,  127. 

—  oxide,  35,  64. 

—  sulphate,  5,  13,  22,  35. 
Ferrous  oxide,  64. 

—  sulphate,  5,  13,  22,  35,  37,  291. 

—  sulphide,  106,  107. 
Filtering  liquids,  18,  239,  251-3. 

—  bag  in  wooden  frame,  239. 
Float  gold,  52. 

Fluor-spar,  28,  125,  205,  214,  375. 
Formula  for  melting  colour  residue, 
28,  56,  73. 

gilding  waste,  85,  102. 

mixed  wastes,  372. 

silvering  waste,  214. 

silver  chloride,  1 56. 

precipitating  platinum,  277. 

Furnace  for  burning  residues,  29,  114. 

Gas  stove,  21. 

—  bubbles,  36,  89,  45. 
Gilding  waste,  flux  for,  85. 
Glass  dissolving  flask,  21. 
Glauber's  salts,  223. 

Glass  mirror  maker's  solutions,  229. 
Gold  chloride,  32. 

—  cyanide  solutions,  82,  92. 

—  float,  52. 

—  losses,  table  of,  145, 

—  precipitating  reagents,  149-153, 


Gold  precipitant  solution,  19. 

—  principle  of  conversion,  351. 

—  pure,  23. 

—  sulphide,  108. 

—  sulphide  sediments,  115,  138. 
Graphite  crucibles,  172. 

Green  copperas,  12. 

—  vitriol,  12. 

—  removing  from  carat  gold,  135. 
Greenish  tinge  to  colour  liquid,  12, 

16. 

Hints  and  useful  tables,  141-148. 

Hydrate  of  zinc,  95. 

Hydrochloric  acid,  13,  20,   65,  93, 

178. 
Hydrocyanic  acid,  78. 
Hydrogen,  chloride,  32. 

—  gas,  46,  47. 

—  nascent,  43,  123,  213. 

—  sulphide,  106,  231,  305. 

—  sulphide  apparatus,  107,  282. 

—  sulphuretted,  179,  293. 
Hydrosulphuric  acid,  246,  281,  293. 
Hyposulphite  of  silver,  2. 

—  soda,  138,  237. 

Imitation  platinum,  271. 
Infallible  tests  for  gold,  142,  143. 
Invincible  waste-saving   appliances, 

337-352. 
Iron,  binding-wire,  65. 

—  ferric  chloride,  22. 

—  ferric  sulphate,  13,  36. 

—  filings,  19. 

—  nitrate,  127. 

—  oxide,  35,  64,  86. 

—  oxide  dissolving,  38. 

—  peroxide,  86. 

—  protosulphate,  12,  66. 

—  sulphate  solution,  19. 

—  sulphate,  5,  7,  16,  24,  27,  36,  81. 

—  sulphide,  106. 

Jar  for  colour  waste  liquid,  6. 

—  for  preserving  old  colour,  8. 
Jewellers'  waste  liquids,  1. 

Lead,  oxide,  76,  188. 

—  oxychloride,  70,  71. 

—  peroxide,  71. 

—  salts,  68. 
Liquids,  filtering,  18. 

—  solution  of  iron  sulphate,  19. 

—  zinc  chloride,  46. 
Litharge,  188. 
Litmus  paper,  276. 
Liver  of  sulphur,  109. 
Losses,  percentages  of,  146. 
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Melting  colouring  waste  residues,  56, 
73. 

—  dip-gilding  waste  residues,  124. 

—  electro-gilding  waste  residues,  85, 
103,  124,  172. 

—  silver  chloride,  156,  158,  201,  324. 

—  silver  residues,  170,  205,  255. 

—  silver  sulphide,  187,  242,  192. 

—  stripping  waste  residues,  131. 
Metallic  silver,  165. 

—  zinc,  action  on  colour  liquid,  49, 
94. 

—  copper  process,  218. 
Mixture  of  copperas,  9. 

—  for  parting,  316,  317. 

—  of  tin,  20. 

Molecular  formula  for  iron  sulphate, 
31. 

for  oxalic  acid,  32. 

for  tin  chloride,  31-32. 

Muriatic  acid  process,  229. 
Mystery  gold,  309. 

Nascent  hydrogen,  43, 123,  213,  298. 
Nitrate  of  iron,  127. 

—  of  potassium,  190. 

—  of  silver,  249. 

—  of  soda,  30. 

Nitric  acid,  13,  22,  71,  79,  224,  331. 

undecomposed,  reacts  on  iron 

sulphate,  15. 

Obtaining  almost  pure  gold,  23. 
Oil  of  vitriol,  19,  95,  164,  279. 
Old  iron  binding-wire  process,  63. 
Old  colour,  preservation  of,  7. 

—  treatment  of,  8,  9. 

—  computing  the  losses,  8,  9. 
Old  cyanide  liquids,  79,  94. 

—  stripping  solutions,  126. 

—  system  of  treating  waste  liquids, 
3. 

Organic  sediment,  37. 

Oxalic  acid,  5,  26,  32,  36,  138,  296. 

Oxide  of  copper,  54. 

—  of  iron,  35,  64. 

—  of  lead,  76. 

—  of  lime,  252. 

—  of  silver,  249. 

—  of  zinc,  54,  162. 
Oxychloride  of  lead,  71. 

—  of  zinc,  53. 

Pale  green  water,  9,16. 
Paraffin  barrels,  163. 
Perchloride  of  tin,  51. 
Photographers'  solutions,  2, 137,  234- 

247. 
Pipette,  11,  17. 
Platinum,  recovering,  269-284. 


Platinum  ammonia  chloride,  297. 

—  chloride,  272. 

—  bichloride,  272,  273,  298. 

—  dissolving,  291 . 

—  mixture  for  parting,  316. 

—  precipitating  reagents,  334-336. 

—  purification,  279. 

—  separating  from  copper,  304. 

—  separating  from  gold,  289,  295. 

—  separating  from  lemel,  307,  312. 

—  separating  from  silver,  300. 

—  separating    from   sundry  metals, 
314. 

—  solder,  288. 

—  spongy,  322. 

Portable  iron  boiler  furnace,  114. 
Potassium  bisulphate,  5-6. 

—  carbonate,  305. 

—  chloride.  298. 

—  cyanide,  130,  194,  250. 

—  hydrate,  97. 

—  nitrate,  190. 

—  sulphate,  194. 

Pots  for  melting  residues,  96- 
Precipitation  of  gold,  11,  13,  78. 

—  of  silver,  14,  78. 
Precipitating  reagents,  149-153. 

—  vessels,  6,  43,  99,  127,  169,  251. 
Principle  on  which  conversion  of  gold 

depends,  351. 
Protochloride  of  iron,  12. 

—  of  tin,  11,  60. 

Quicklime,  260. 

Reagents  for  testing  gold,  149-153. 

—  for  testing  platinum,  334-336. 

—  for  testing  silver,  257-260. 
Recovery  of  gold,  12,   19,   23,  119, 

137,  320. 

—  of  platinum,  269,  321. 

—  of  silver,  14,  154,  155,  159,  197. 

—  of  gold,  platinum,  and  silver,  337. 
Recovering  silver  by  the  dry  process, 

154. 

by  the  wet  process,  155. 

by  the  battery  process,  159. 

from  hypo,  solutions,  234-237. 

from  mirror  makers'  solutions, 

229-233. 

from  mixed  solutions,  264. 

from  stiipping  solutions,  215. 

from    dip-silvering    solutions, 

208. 

from  nitric  acid,  224. 

from  rinsing  waters,  196. 

Reducing   formula    for    dip-gilding, 

123. 

—  silver  chloride  to  metal,  203,  206. 
sulphide  to  metal,  182-187. 
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Reflected  light,  18,  21,  27. 
Residues,  burning,  34,  114, 
Rinsing  waters,  7,  105,  196. 
Roasting  furnace,  184. 

Salenixon,  375, 
Salt-cake,  214. 
Salts  of  iron,  6,  15,  19,  22,  27,  81, 

—  oxalic,  5,  26,  32. 

—  of  tin,  5,  20,  24. 

Sample  liquids  for  testing,  65,  117, 

Sand-bath,  21. 

Sawdust,  18. 

Sediments,  37,  85,  103,  124,  370. 

Self-acting  apparatus,  121. 

Sheet  copper  process,  133. 

—  zinc,  94,  96,  167. 

Shots  of  metal  in  sweep,  372,  374. 
Silver  chloride,    13,   156,  158,   191, 
201,  225,  228, 

—  cyanide,  168, 

—  precipitating  reagents,  257-260. 

—  solution,  166. 

—  sulphide,  117-180,  189,  192,  194, 
195. 

Soda  ash,  102,  131,  204,  205,  375. 
Stannous  chloride,  5,  11,  31,  36,  51, 

138, 
Stirring  solutions,  45, 
Stoneware  acid-proof  vessels,  27,  43, 

137. 

—  precipitating  vessels,  43,  127. 
Sulphate  of  copper,  219. 

—  of  silver,  222,  223,  301, 

—  of  soda,  194,  223. 
Sulphide  of  gold,  108. 

—  of  hydrogen,  179,  293. 

—  of  platinum,  281. 

—  of  potassium,  112,  113, 

—  of  silver,  176. 

—  of  soda,  176,  180. 

—  of  sodium  process,  237, 
Sulphuric  acid,  14,  38. 
Sulphurous  acid,  178. 

Synopsis  of  copperas  process,  13,  40. 

—  of  platinum  process,  280. 

—  of  sodium  sulphide  process,  181, 
243. 

—  of  zinc  process,  60,  104,  174, 
Syphon,  10,  100,  278. 

—  tube,  100. 

Table  of  common  salt  mixtures,  199. 

—  of  copperas  mixtures,  128,  144. 

—  of  estimated  losses,  145. 
Testing  colour  liquid,  68. 

—  filtered  water,  352. 

—  gold,  11,  65. 


Testing  platinum,  278,  834. 

—  silver,  165. 
Test-tube,  11,  17. 

Theory  of  the    action    of   stannous 

chloride,  51. 
Thinning  waste  colour  liqiiid,  16. 
Tin,  chloride,  5,  20,  24,  50,  80,  354. 

—  grain,  20. 

—  perchloride,  51. 

—  protochloride,  11,  49,  50,  66,  354, 

—  salt,  36.    » 

—  test,  25,  50,  353-355. 
Transmitted  light,  18,  21,  27. 
Treating     cyanide     solutions     with 

metallic  zinc,  91. 

—  chloride  of  silver,  230-233. 

—  platinum  solutions,  314-327. 

—  sweeps,  350. 

Tub  sediments,  347,  348,  376, 

Undecomposed  nitric  acid,   and    ith 

reactions  on  colour  liquid,  15, 
Useful  hints  and  tables,  141. 

Value  of  gold  losses,  145. 
Varnish  for  tubs,  101,  348. 
Vessels,  acid-proof,  27,  127. 

—  for  dissolving  base  metals,  55. 
precious  metals,  21. 

—  for  washing  precipitates,  83. 

Waste  colour,  4,  1 6, 

—  flux  for  melting,  56. 
-r-  residues  melting,  57. 

Washing  precipitates,   83,   95,    101, 

127. 
Waste  water  filtering  apparatus,  265. 
Wet  method  of  extracting  precious 

metals,  97. 
Whiting  and  water,  116. 
Wooden  precipitating  vessel,  99. 
Wrought  iron  crucibles,  191. 

Yellowish  colour  liquid,  68,  71. 

Zinc  acid  process,  90,  161,  209,  244, 
359. 

—  action  on  silver  chloride,  14,  46. 

—  chloride,  44,  46,  49,  93,  122. 

—  in  acid  solutions,  122,  123. 

—  in  cyanide  solutions,  89. 

—  oxide,  54. 

—  oxychloride,  53. 

—  process    of     recovering     precious 
metals,  42,  60,  358-369. 

—  properties  of,  213. 

—  shavings,  47. 

—  sulphate,  122. 
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